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Purpose of this text 
This book shows first that philosophical determinism does not keep its promise when it 
asserts that it is possible to predict the future and to mentally reconstruct the past. 
 

It then shows how the principles of causality and of scientific determinism are natural 
consequences of fundamental properties of the Universe. 
 

It then clarifies those two principles, and extends their definition so that they govern the 
evolution properties of all laws of nature. Those laws then follow extended determinism, 
whose constructive definition structures it like an axiomatic system; we then prove that it 
is the only principle that governs all physical laws of evolution. 
 

The book then shows how randomness and chaos intervene only in specific situations of 
nature, and how extended determinism takes all those situations into account. It also 
shows how predictability limits also originate in various forms of imprecision, of 
complexity and of nature's refusal of precision. 
 

Since rational decisions require understanding and predicting, they require knowing 
extended determinism. The book uses recent scientific advances in the fields of 
quantum physics and genetics to show limits of the possibility to predict evolution results 
and to obtain the required precision. 
 

The book then draws the consequences of extended determinism on rational thinking: in 
spite of his free will, man remains enslaved by the desires originating in his genetic 
inheritance, his acquired culture and knowledge, and his living context. The book 
explains how he can, nevertheless, follow the precepts of critical rationalism to find 
scientific truths, and to what extent he can understand the world and himself. 
 

Last, the book shows the absurdity of pseudo-scientific notions such as "The anthropic 
principle". It also describes the modern scientific solution of the old philosophical issue 
of the "First cause". 
 

This easy-to-read book is therefore a contribution to rational thinking intended for 
intellectuals with modest scientific background who wish to bring it up-to-date in the 
fields of quantum physics, cosmology, information technology and genetics. 
 

Given the length of the book's complete text, about 503 pages [Book], it is 
recommended to read first the summary of its main ideas, which is 15 times shorter 
[Summary]. All scientific terms such as "eigenvalues" and "matter waves" are explained 
in the book; understanding them fully is not necessary in this introductory text. 
 

[Book] "Determinism Extended to Better Understand and Anticipate 
    A Bridge between Science and Philosophy for Rational Thinking"  (503 pages) 
http://www.danielmartin.eu/Philo/Determinism.pdf  
http://www.danielmartin.eu/Philo/Determinism.htm  
 

[Summary] "Contributions of Extended Determinism to Rational Thinking"  (35 

pages) - http://www.danielmartin.eu/Philo/Summary.pdf  
http://www.danielmartin.eu/Philo/Summary.htm  

http://www.danielmartin.eu/Philo/Determinism.pdf
http://www.danielmartin.eu/Philo/Determinism.htm
http://www.danielmartin.eu/Philo/Summary.pdf
http://www.danielmartin.eu/Philo/Summary.htm
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Philosophical determinism 
 

Definition 
The traditional definition of determinism was published by the French mathematician, 
physicist and astronomer Pierre-Simon de Laplace in his book of 1814 "A Philosophical 
Essay on Probabilities" 

"We should consider the present state of the Universe as the effect of its previous 
state and the cause of the state that will follow. An intelligence which, at a given 
time, would know all of the forces that govern nature and the respective states of all 
its beings ï assuming it is vast enough to analyze that data ï would grasp in the 
same formula the movements of the largest bodies of the Universe and those of its 
lightest atom; nothing would be uncertain for it, the future and the past alike would 
stand before its eyes." 

(That intelligence is often called "Laplace's demon"). 
 
According to this founding text, philosophical determinism asserts that: 

Á The future is completely determined by the present; 

Á The future is completely predictable given perfect knowledge of the present; 

Á Perfect knowledge of the present suffices to mentally reconstruct all of the past; 

Á For each present situation there is a single causal chain (of events or situations) that 
starts infinitely far in the past and extends infinitely far in the future. 

 

Philosophical determinism is contradicted by some facts 
Philosophical determinism, which promises the possibility to predict all of the future and 
to mentally reconstruct all of the past, is contradicted by several phenomena of nature 
quoted in the book. Since a single counterexample suffices to contradict an assertive 
statement, here is one. 

Radioactive decay (nuclear fission) 

The atoms of a sample of uranium 238 will decay (decompose) spontaneously, without 
any cause other than passing time; an atom of uranium will decay into an atom of helium 
and an atom of thorium. The number of atoms of uranium 238 that decay per unit of time 
follows a known law: 50% of the atoms of a sample of arbitrary size will decay in a fixed 
amount of time T called "the half-life of uranium 238"; then half of the rest (one quarter) 
will decay during the next period of time T; then half of the rest (one eighth) will decay 
during the next period of time T, etc. 

Natural (spontaneous) radioactive decay is attributed to the instability of the 
excitation energy of the neutrons and protons of a radioactive atom's nucleus. That 
energy varies spontaneously ï a phenomenon deemed impossible in traditional 
deterministic physics, because it attributes an atom's decay to chance. Due to a 
tunnel effect, that excitation energy may sometimes exceed the potential energy that 
holds the nucleus together (known as the element's fission barrier), causing such a 
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considerable deformation that the nucleus decays. The tunnel effect and its 
spontaneous nature can only be explained using the mathematical tools of quantum 
mechanics, which contradict traditional determinism by introducing spontaneous 
variations of energy levels and probabilities in the occurrence of an event. 

 
Contrary to the promise of philosophical determinism to predict the future, it is 
impossible to know which atoms will decay during a given period of time, and when a 
given atom will decay. Radioactive decay follows a statistical law that applies to a 
population of atoms, but does not predict the evolution of a given atom. 
 
In addition, when a sample contains decayed atoms, it is impossible to know for any one 
of them at what time it decayed, which contradicts philosophical determinism as a 
principle for mentally reconstructing past events knowing the current situation. 
 
Therefore, philosophical determinism cannot keep its promises to predict the future and 
mentally reconstruct the past: this principle is false in the case of radioactive decay. And 
since, according to critical rationalism explained in the book, a single counterexample 
suffices to disprove an assertion, we shall consider philosophical determinism 
erroneous, in spite of the fact that its definition is in some dictionaries. 
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Causality and determinism 
Ever since man needs to understand the world around him and predict the evolution of 
situations, knowing determinism is important for rational thinking. And since 
philosophical determinism does not keep its promise to predict, we will delve into the 
issue of understanding and predicting on a less ambitious basis. We will start over from 
the causal postulate on which philosophical determinism is based, and ignore for the 
time being its promises to predict the future and reconstruct the past. 
 

The causal postulate 
Ever since man existed, he noticed links between situations and phenomena: a given 
situation, S, is always followed by phenomenon P. A natural process of induction made 
man assert a general postulate "The same cause always produces the same effect". 
Reflecting on the conditions that governed the chains of events he observed, he inferred 
the following causal postulate stated below as a necessary and sufficient condition: 

Definition of the causal postulate 

Á Necessary condition: in the absence of the cause, the consequence does not 
happen; every observed situation or phenomenon was preceded by a cause, and 
nothing may exist without having been created. 

Á Sufficient condition: if the cause exists, its consequence happens (it is certain). 

However, that consequence is an evolution phenomenon, not a final outcome: we 
renounce the promise to predict the result of the evolution and retain only the 
postulate that it is initiated. 

 
In some favorable cases, the causal postulate meets the need of rational thinking to 
understand and predict: 

Á The necessary condition allows explaining a consequence by following the flow of 
time backwards up to its cause; 

Á The sufficient condition allows predicting a consequence by following the flow of 
time forwards from its cause: the evolution is certainly initiated. 

 

Scientific determinism 
In order to better understand and predict, rational thinking requires an addition to the 
above causal postulate; it needs a rule that guarantees stability (reproducibility) in time 
and space. 

Stability rule 

The same cause always produces the same effect: the effect of a cause is reproducible. 
The physical evolution laws consequences of a given cause are stable; they are the 
same everywhere and at all times. 
 
Consequently, a stable situation never evolved and never will; it is its own cause and its 
own consequence! Taking into account an evolution after time t requires changing the 
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definition of the observed system. In fact, the flow of time can only be observed when 
something changes; if nothing changes, time seems to stop. The stability rule is not 
trivial; one of its consequences is Newton's first law of motion, the law of inertia: 

"The velocity vector of a body which is motionless or moves in a straight line at 
constant velocity will remain constant as long as no force acts on the body." 

As far as determinism is concerned, this law implies that motion in a straight line at 
a constant velocity is a stable situation that will not evolve until a force is applied to 
the body; such a stable situation is its own cause and its own consequence! 

 
The stability rule allows inducing a physical law of nature from a collection of cause-
consequence sequences: after seeing the same cause-consequence sequence many 
times, I postulate that the same cause always produces the same consequence. We 
may now group the causal postulate and the stability rule to form a principle that governs 
all laws of nature describing a time evolution, the postulate of scientific determinism. 

Definition of scientific determinism 

The postulate of scientific determinism governs the time evolution of a situation due to 
laws of nature, in accordance with the causal postulate and the stability rule. 
 
The deterministic nature of a law of the Universe does not entail the predictability of its 
results or their precision. Philosophers who believe the opposite are mistaken. 
 

Scientific determinism and predicting 
In the definitions of the causal postulate and of scientific determinism we renounced 
predicting evolution results. Since we know that a cause initiates the application of a law 
of nature, predicting an evolution result requires predicting the result of such a law. 
 
Nature recognizes situations-causes and automatically initiates applicable laws each 
time, but it does not know the concept of result, a notion of interest only to humans. This 
remark allows us to eliminate right away a cause of unpredictability independent of 
nature: supernatural intervention. Obviously, if we admit that a supernatural intervention 
may initiate, prevent or alter an evolution, we renounce predicting its result. We will 
therefore postulate materialism; we will also assume that no intervention originating 
outside our Universe or independent of its laws is possible. The opposing doctrines of 
materialism and spiritualism are described and debated in Part 2 of this book, before 
Part 3, which is devoted to determinism. 
 
Three types of reasons that prevent predicting the result of a deterministic law of 
evolution are imprecision, complexity and chance. 
 
Imprecision 

Since the causal postulate and scientific determinism do not promise to predict a result, 
they do not promise to predict its precision either, when it is predictable; and this is 
regrettable since man often needs precise results. 
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Here are cases where the precision of the calculated or measured result of an evolution 
law may be considered inadequate by man. 

Imprecision of the initial values of an evolution, or of a result's measure 

An evolution law applies to variables. If those variables are known with insufficient 
precision, the calculated result may also be too imprecise. If a quantity is measured, that 
measure's precision may be inadequate. 

Imprecision or non-convergence of calculations 

If the calculations required by a formula or to solve an equation are not sufficiently 
precise, the result may be imprecise. This problem is serious, for example, when solving 
a system of equations requires inverting a matrix with thousands of rows and columns: 
inadequate precision may produce degeneracy, which makes calculating the inverse 
matrix impossible. It may also simply produce a result that is insufficiently precise. 
 
When a physical phenomenon has a mathematical model, a computing algorithm in the 
model may sometimes be unable to provide its result, for example because it converges 
too slowly. Sometimes, the algorithm stops because a calculation is impossible: the 
book shows such a case in wave propagation. 

Chaos 

Sometimes a very small variation of a phenomenon's initial data, too small to be 
controlled, produces a considerable and unpredictable variation of the result of a 
phenomenon whose law is precise. This happens, for example, for the direction in which 
a pencil standing vertically on its tip will fall. It also happens when predicting the position, 
thousands of years ahead of time, of an asteroid whose motion is perturbed by the 
attraction of planets. 
 
Chaos is a phenomenon that amplifies effects enough to switch from one solution of a 
mathematical model to another. It occurs, for example, in turbulent flows of liquids and in 
genetic evolution of species, often producing solutions grouped near particular points of 
phase space termed attractors. In practice, chaos limits the predictability horizon. 

Quantum physics 

The book quotes several laws of physics where nature limits precision. Examples: 

Á When a corpuscle moves in a field of electromagnetic force, its position and velocity 
cannot be determined with an uncertainty better than half the width of the 
accompanying wave packet. No matter how fast a photograph is taken (in a thought 
experiment), the corpuscle will always appear fuzzy. 

Worse still, the more precise the determination of position, the less precise that of 
velocity, and vice-versa. 

Á Nature's precision refusal may cause quantum fluctuations. Example: at a point of 
void space between atoms or even between galaxies, energy may vary suddenly 
without any cause other than nature's refusal of its precision and stability. This 
energy variation ȹE may be all the greater that its duration ȹT is small. On average, 
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however, the energy at the fluctuation point remains constant: if nature "borrows" 
energy ȹE from surrounding empty space, it returns all of it less than ȹt seconds 
later. 

This phenomenon is far from negligible: a short while after the Big Bang when the 
Universe was born, it caused the formation of areas of high energy density that later 
became galaxies. From a predictability standpoint, it is impossible to predict where a 
fluctuation will occur, or when, or with what energy variation ȹE. 

Á At atomic scale, nature allows superpositions of equation solutions. An atom may 
travel several trajectories simultaneously, producing interference fringes in Young's 
experiment, when it interferes with itself by going through two parallel slits several 
thousand atom diameters apart. 

A molecule may be in several states at the same time. Example: quantum 
mechanics predicts that an ammonia molecule NH3, whose shape is a tetrahedron, 
may have its nitrogen atom vertex on one side or the other of the plane of its 3 
hydrogen atoms. It predicts that this plane (whose 3 hydrogen atoms are light) may 
spontaneously switch to the other side of the (heavy) nitrogen atom vertex because 
of tunnel effect, without any intervening physical force or absorption of a photon's 
energy. The hydrogen triangle may oscillate between the two symmetrical positions 
with a frequency in the range of centimetric wavelengths. This prediction of quantum 
mechanics is confirmed by radio astronomy observations, both in light absorption 
and emission by ammonia molecules of interstellar space. 

When an experiment determines the state of an NH3 molecule, nature chooses 
randomly which of the two symmetrical states it will reveal. Its choice is not 
completely random, it is an element of a predefined set of two elements called 
spectrum of eigenvalues of the experimental setup: natural randomness is limited to 
the choice of one of the values of the spectrum, all values of which are known 
precisely. In the case of the above ammonia molecule, nature chooses between two 
solutions, each with a certain predefined energy and shape. 

Á Nature's refusal to satisfy man's need to know is spectacular in the non-separability 
phenomenon. The book quotes an experiment where two photons produced 
together (termed entangled photons) make up a single whole object even when the 
photons are 144 km apart: if one is absorbed, the other disappears immediately; the 
consequence is propagated from one to the other at infinite speed since they are 
part of the same initial object, which conserves its wholeness while it is deformed by 
the photons' motions. 

 
In quantum physics, many human wishes of result prediction, precision or stability are 
denied by nature. 

Relativity and causality 

The book describes in detail a property of space-time, due to the speed of light, which 
compels one to reflect on the definition of the causality that governs the transition from 
one event to another. In certain specific cases, two events A and B may be seen by 
some observers in the order A then B, and by others in the order B then A! The first 
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group of observers will know that A occurred before B, and will draw consequences 
different from observers of the second group, who will see B appear before A. 
 
Complexity 

The overall effect of many perfectly deterministic phenomena may be unpredictable, 
even if each phenomenon is simple and its result is predictable. Example: consider a 
small closed container that holds billions of identical molecules of a liquid or a gas. Since 
these molecules have a temperature above absolute zero, they keep moving; their 
kinetic energy results from their temperature. Their agitation makes them bounce into 
each other and against the container's inner surface, their motion obeying well-known 
deterministic laws. In spite of their deterministic motions, it is impossible to know the 
position and velocity at a given time t of all molecules, because there are too many; 
therefore, it is impossible to calculate (predict) the position and velocity one second later 
of one particular molecule, because in the mean time it has bounced thousands of times 
against other moving molecules and against the container's inner surface. 
 
That impossibility is very general: the combined effect of many deterministic phenomena 
with predictable individual evolutions is an unpredictable evolution, whether these 
phenomena are of the same type or not. From a philosophical point of view, we can 
assert that the complexity of a phenomenon with deterministic components generally 
produces an unpredictable evolution. 
 
In theory that unpredictability does not exist, but in practice it does. It does not affect 
nature, which never hesitates or predicts the future, but it prevents man from predicting 
what nature will do. Nature's unpredictability grows with the number of simultaneous 
phenomena, their diversity, and the number of their interactions. 
 
Actually, interactions between phenomena also affect their determinism. An evolution 
whose result affects the initial conditions of another evolution affects its stability rule, 
therefore also the reproducibility of its determinism, which hinders even more the 
prediction of its result. 
 
That is why even though the most complex phenomena (the phenomena of living 
beings, of man's psyche, and of human society) are based only on predictable 
deterministic physical evolutions, their results are generally so unpredictable that man is 
under the impression that nature does anything. We shall come back to this issue below. 
 
Chance 

From a philosophical point of view, we should stop believing in chance as a principle of 
unpredictable behavior of nature. The Schrödinger equation of evolution, whose results 
are probabilistic matter waves, is deterministic in the traditional sense, and so is 
Newton's second law of motion, which is also based on energy conservation: a given 
initial situation always produces the same result, which is sometimes a set of results 
instead of a single result. No unpredictability there, nature is never unorthodox: in a 
given situation, its reaction is always the same. 
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Man must get used to the fact that some situations produce multiple consequences: 
either several laws of evolution acting in parallel, each producing a single result, or a 
single law of evolution producing multiple results. Therefore, when man tries to know the 
result of evolution (for example using a measuring device), nature chooses one 
randomly among those resulting from the initial situation and displays it. 

Nature's choosing process follows a simple rule governed by a form of determinism 
that applies to a set of alternatives instead of applying to a single alternative: if a 
given experiment is iterated a large number of times, each possible alternative 
appears the same number of times. This set determinism also governs other 
phenomena; example: radioactive decay of uranium 238, where determinism 
governs the proportion of decaying atoms per unit of time, not the choice of a 
particular atom that will decay. 

 
Similarly, there is no randomness in the position, the velocity or the energy of a 
corpuscle, there is indetermination, a refusal of nature to grant us the possibility of 
infinite precision that would make us feel comfortable; and this refusal is due to the 
wavelike nature of each corpuscle. 
 
The unpredictability associated with local energy fluctuations is not due to chance, 
either. It is a consequence of Heisenberg's uncertainty principle, which states that during 
a short time interval ȹt an energy is not defined with an uncertainty less than ȹE, where 

ȹE.ȹt Ó ½ä (quantity which is a constant of the Universe). Those fluctuations only 

embody a refusal of precision on the part of nature, a refusal that only lasts for a short 
while and does not alter the average local energy. We should accept the existence of 
those fluctuations as we accept the imprecision on the position of a moving corpuscle, 
located "somewhere" in its wave packet: in none of those cases does nature act 
randomly by doing anything. Other examples of nature's limited precision are given in 
the book in sections that describe chaotic phenomena. 

Conclusions 

Á Randomness affects the predictability of consequences, not consequences proper 
(evolution laws or situations); predictability is a human wish nature ignores. 

Á In nature's laws, randomness occurs only when an element is chosen in a 
predefined set of values of a measurable quantity or of applicable laws of evolution. 

Á A random choice by nature always obeys one of its laws, nature choosing an 
alternative among the solutions allowed by that law. The choice never violates 
another law; in particular, it never violates thermodynamics or conservation of 
matter+energy. 

Á Let us not confuse chance (unpredictability) with indetermination (nature's refusal to 
be precise). 

Á More generally, determinism and predictability are different concepts: the latter does 
not necessarily result from the former (definition of scientific determinism). 
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Conclusions about predictability 

We now know that there are three types of reasons that prevent or limit the prediction of 
consequences: imprecision, complexity and chance. The latter compels us to make clear 
the causal postulate: in the sentence "if the cause exists, its consequence happens" we 
must interpret consequence of a situation as a possibility to be a plural, multiple 
consequences. 
 
Imprecision, complexity and chance reflect the intrinsic nature of the laws of the 
Universe, that man cannot circumvent, and against which rebelling is out of question. 
Therefore, predicting a result (or results) should be done as the case may be, each law 
being a particular case. 
 
Let us see details of this subject. We saw above, in the section about chance, that in 
some situations nature had multiple reactions: 

Á Either by initiating several evolution laws simultaneously, each law acting 
independently and providing a single result. 

This happens, for example, in quantum physics, when the trajectory of a corpuscle 
between a point A and a point B is comprised of an infinite number of simultaneous 
trajectories, each taking a different path with a different velocity vector, but all 
trajectories ending in B at the same time. 

This also happens when a corpuscle's trajectory is defined, at each moment, by a 
packet of superposed waves. Those waves are matter waves that describe 
probability of presence amplitudes that add up taking their phases into account. At a 
given time, if we could see the corpuscle, it would appear fuzzy near the center of 
the wave packet, as if it were composed of an infinite number of imprecisely 
superposed corpuscles. 

But man never sees several consequences at the same time, he can only see their 
result (always unique); and in the case of a corpuscle traveling with its wave packet, 
that result, at a given moment, is a fuzzy position and an imprecise velocity. 

Á Or by initiating a single evolution law giving multiple superposed results that exist 
simultaneously. 

That state superposition may last for a while only at atomic scale. At macroscopic 
scale, the interaction between the state superposition and the environment (that 
occurs, for example, during a physical measure) terminates the superposition and 
communicates to the experimenter only one of the superposed states, chosen 
randomly. The transition from the superposed states to the unique state is termed 
decoherence, and it is irreversible. 

 
In each particular situation, in order to predict its evolution and the result (or results) of 
that evolution with the maximum precision allowed by nature, we shall now take into 
account all of the laws of nature, by redefining determinism in a constructive way and 
terming it extended determinism. 
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Extended determinism 
The book provides a detailed explanation of the Universe's properties that incite 
postulating causality. In this introduction, I will only enunciate those properties. 

Properties of the Universe from which causality is derived 

Á By uniformity of the Universe, I mean its homogeneity (same properties everywhere) 
and isotropy (at each point, same properties in all directions). 

Á By stability of the Universe's properties, I mean the stability rule (reproducibility 
through time and space) of scientific determinism. 

Á By coherence of the Universe's laws, I mean that they complement each other 
without ever contradicting each other. To be precise, they respect the three 
fundamental principles of logic: non-contradiction, excluded middle and identity, 
enunciated in the book. 

Á By completeness of the Universe's laws, I mean the fact that nature has all the laws 
required to react to all situations and account for all phenomena (this is Kant's 
postulate of complete determination). 

In short, nature never improvises; it does not have occasional laws; randomness is 
limited to choosing between predetermined evolution laws or between 
predetermined results of a particular law. 

 
In the rest of this text, we shall postulate the uniformity, stability, coherence and 
completeness of the Universe's laws, and we shall define extended determinism as 
follows: 
 

Extended determinism is the principle that governs the evolution from a 
cause to its consequences due to all applicable laws of nature. 

 
Constructive definition of extended determinism 

Usually a definition describes a word's meaning. Since such a descriptive definition is 
not suitable for extended determinism, I use below a constructive definition that allows 
an infinite extension of this notion deduced from properties of the Universe's laws. 
 
Construction: extended determinism first includes scientific determinism, defined above. 
Then it includes the evolution rules of all the laws of nature, incorporated as follows: 

Á We consider all the laws of evolution of the Universe, one by one, in an arbitrary 
order; 

Á Consider one of those laws. If its evolution rule is already included in extended 
determinism, we ignore it and consider the next law; if its evolution rule is not 
included yet, we incorporate it in the definition of extended determinism; 
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Á Whenever we incorporate the evolution rule of a new law, we verify its coherence 
with rules already included, in order to conform to nature where no evolution law 
contradicts another law in a given situation. In principle, this verification is useless if 
the wordings of the laws respect the coherence rule of the Universe's laws. 

 
Validity of this constructive approach 

As defined above, extended determinism is an axiomatic system, whose axioms of facts 
are the initial conditions of the various evolution laws, and whose deduction axioms are 
the corresponding evolution rules, according to the following semantics: if a situation 
satisfies a given set of conditions, then it evolves following a given rule ï a rule that may 
correspond to one evolution law, or to several evolution laws initiated in parallel. 
 
The theoretical validity of that approach was studied and justified by logicians. They 
showed how an axiomatic system may be complemented gradually, by adding new 
axioms whenever facts or deduction rules appear that may not be derived from existing 
axioms, but whose addition is suggested by the field's semantics. 
 
The practical validity of that approach results from its respect of the scientific method, 
which adds new laws to existing laws or replaces them, as knowledge progresses. The 
construction of extended determinism adds new rules of evolution from causes to 
consequences as required by new laws, excluding redundancies and contradictions. 
 
Universality and uniqueness of extended determinism 
Universality of extended determinism results from its constructive definition, which takes 
into account all the laws of the Universe: all those that are known at a given moment, 
and all those that will be discovered subsequently, as they are being discovered. 
 
Uniqueness of extended determinism may be proven as follows. Being an axiomatic 
system, extended determinism is a set of fact rules and deduction rules, each rule 
originating (by construction) from at least one law of the Universe. Now consider a 
second extended determinism, S, supposed distinct from the first, F. Each rule R of S 
comes from at least one law of nature, a law that was taken into account when building 
F, since F was constructed from all the laws of nature; therefore, this rule R of S also 
exists in F. With the same reasoning, each rule of F also exists in S. Therefore, S and F 
having the same rules are in fact the same set, QED. 
 
 
This is what I wanted to do. I needed about 500 pages to express it, sorry about the 
length. Writing the initial text in French required about one thousand hours, then 
translating it into English doubled that duration because English is not my mother 
tongue. 
 
 

Daniel MARTIN 
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Advice to the reader 
 
About mathematical formulas 

This text contains many mathematical formulas in order to be as precise as possible. To 
a reader with adequate scientific knowledge they justify some statements regarding 
determinism. However, reading and understanding those formulas is not indispensable 
to understand the text; a reader who does not have enough scientific background - or 
who just does not care to read those formulas - may skip them. 
 
About the text's style and structure 
Philosophy texts are often structured like a novel, with few intermediate level titles, 
which leaves it to the reader to understand where he is in the succession of ideas. This 
text is structured as a five-level hierarchy of titles and subtitles, like a course. This 
should help the reader better understand the section he is reading, and quickly come 
back to a passage he already read. 
 

About reading on a computer monitor 
Both formats of this text, PDF* and HTML**, may be read on a computer's monitor to 
take advantage of the many hyperlinks that provide one-click access to the definition of 
a word, to additional information, or to a bibliographic reference on the Internet. A mouse 
click provides a return path to the previous display. The table of contents itself is a list of 
hyperlinks that provide direct access to sections of the five-level structure. Finally, it is 
much easier to find a given word in a computer text using the CONTROL+F keyboard 
command than it is to find it in a printed document; and copying a passage from one 
computer text to another is possible, whereas a printed text requires scanning and 
optical character recognition. 
 

Hyperlink references whose name begins with a D, such as [D1], are at the end of Part 
1. References whose name begins with an M, such as [M3], are at the end of Part 2. 
References that are integer numbers such as [200] are at the end of Part 3. 
 
To avoid reading what you already know 

The extensions of determinism that are the subject of this book make up its Part 3. 
However, since determinism is based on materialism, the definition and implications of 
materialism and its opposite, spiritualism, are summarized in Part 2. In addition, since 
the debate between materialism and spiritualism touches on the issue of God's 
existence, the three arguments for this existence stated during the previous centuries 
are in Part 1. So: 

Á If you know those three arguments for God's existence ï or if you are simply not 
interested in that subject - skip Part 1, which only contains a reminder of these 
arguments, and of the refutations stated to disprove them; 

Á If you know the definitions of materialism and spiritualism, and the arguments in 
favor of or against each of those doctrines, skip Part 2, which is only a reminder of 
these definitions and arguments provided as an introduction to the issues of 
determinism. 

 



18 
 

However, it is better to read Part 3 from the beginning because it calls into question what 
many readers know about determinism. 
 
* PDF version: 

¶ in English: http://www.danielmartin.eu/Philo/Determinism.pdf 

¶ en français : http://www.danielmartin.eu/Philo/Determinisme.pdf 
 
** HTML version: 

¶ in English (this text): http://www.danielmartin.eu/Philo/Determinism.htm  

¶ en français : http://www.danielmartin.eu/Philo/Determinisme.htm  
 
 
  

http://www.danielmartin.eu/Philo/Determinism.pdf
http://www.danielmartin.eu/Philo/Determinisme.pdf
http://www.danielmartin.eu/Philo/Determinism.htm
http://www.danielmartin.eu/Philo/Determinisme.htm


19 
 

Table of contents 
 

1. The three proofs of God's existence ............................................. 30 

1.1 What men expect to find when they think of God .......................................... 31 
1.1.1 André Comte-Sponville's definitions of God and religion ................................ 31 

1.2 Man conceives of God in his own image ........................................................ 32 
1.2.1 The contradiction that explains the search for a proof of God's existence ..... 32 

1.3 How can God's existence be proved?............................................................. 34 
1.3.1 The cosmological arguments.............................................................................. 34 
1.3.2 The ontological arguments ................................................................................. 35 
1.3.3 The teleological arguments ................................................................................. 36 
1.3.4 Kant's moral argument ........................................................................................ 37 

1.4 Arguments without value ................................................................................. 39 
1.4.1 Causal weaknesses of cosmological arguments .............................................. 39 

1.4.1.1 Contingency is a vain hypothesis .......................................................... 39 
1.4.1.2 There is no proof of the qualities attributed to God ................................ 39 

1.4.1.3 Conclusion about cosmological arguments ........................................... 39 
1.4.2 Weakness of ontological arguments .................................................................. 40 

1.4.2.1 Understanding the error of an ontological argument ............................. 40 
1.4.2.2 An example from arithmetic ................................................................... 42 

1.4.2.3 An example from cosmology ................................................................. 42 
1.4.2.4 Generalization: reasoning by analogy or induction is dangerous .......... 42 

1.4.2.5 A mathematical example of the inventiveness of our mind .................... 43 
1.4.2.6 A culture or a religion cannot be universal ............................................ 44 

1.4.2.7 Consequences of the multiplicity of religions ......................................... 45 
1.4.3 Weakness of teleological arguments ................................................................. 46 

1.4.3.1 Some phenomena of life are governed by genetic software .................. 46 

1.4.3.2 Weakness of creationist arguments ...................................................... 47 
1.4.3.3 Psychology of creationism ..................................................................... 48 

1.4.3.4 The concept of a God who is both a creator and intelligent is contradictory
 .............................................................................................................. 48 

1.4.4 We should reason using only representable concepts ..................................... 49 

1.5 Agnosticism and atheism ................................................................................ 50 

1.5.1 Pascal's wager ..................................................................................................... 50 
1.5.2 Atheism, positivism and altruism ....................................................................... 51 
1.5.3 Exists, does not exist or exists differently? ....................................................... 51 

1.6 Conclusions ...................................................................................................... 53 

1.7 References ........................................................................................................ 54 

2. Materialism and Spiritualism a refresher ...................................... 56 

2.1 Materialism and spiritualism: definitions ....................................................... 57 

2.1.1 A concise definition of materialism .................................................................... 57 
2.1.2 A concise definition of spiritualism .................................................................... 57 
2.1.3 Materialism versus spiritualism .......................................................................... 57 
2.1.4 What came first: mind or matter? ....................................................................... 59 



20 
 

2.2 Biological life, materialism and spiritualism .................................................. 60 
2.2.1 Explaining observed phenomena by a superior finality .................................... 60 
2.2.2 The confrontation between materialists and spiritualists ................................. 61 
2.2.3 Materialistic explanations and levels of abstraction ......................................... 62 

2.3 Arguments of spiritualists against materialism ............................................. 63 
2.3.1 Teleological arguments ....................................................................................... 63 
2.3.2 Contradiction with the second law of thermodynamics .................................... 63 

2.3.2.1 Definition of entropy .............................................................................. 63 
2.3.2.2 Boltzmann entropy ................................................................................ 64 
2.3.2.2.1 Understanding the second law of thermodynamics 65 
2.3.2.3 Entropy and living beings ...................................................................... 66 

2.3.2.4 The spiritualists' objection and Prigogine's answer ............................... 66 
2.3.2.5 The spiritualist scientists who listen to their intuition rather than to reason

 .............................................................................................................. 67 
2.3.3 The creationism versus evolutionism controversy ........................................... 68 

2.3.3.1 Darwin and the role of chance in evolution ............................................ 68 

2.3.3.2 Arguments of spiritualist scientists ........................................................ 69 
2.3.3.2.1 Modern science must be rejected because it is not realistic 69 
2.3.3.2.2 Modern science leads to spiritualism 70 
2.3.3.2.3 Evolution may be real, but because God intended it! 71 

2.4 A comparison of materialism and spiritualism .............................................. 72 
2.4.1 The concept of first (initial) cause is dangerous ............................................... 72 
2.4.2 A concept of useful reality is necessary ............................................................ 72 

2.4.2.1 Convergence of scientific knowledge ï Example: planetary motion ...... 73 
2.4.3 Objectivity and subjectivity ................................................................................. 74 
2.4.4 Why are so many intelligent people spiritualists? ............................................ 75 
2.4.5 The limits of rational explanations - Materialism and ethic .............................. 76 

2.5 Materialism and spiritualism cannot be proven or disproven ...................... 77 

2.6 The Nietzschean critique .................................................................................. 78 

2.7 Materialism and determinism .......................................................................... 81 

2.7.1 Summary and conclusion about materialism .................................................... 81 

2.8 References ........................................................................................................ 83 

3. Determinism Extended - a Contribution for Rational Thinking .. 86 

3.1 Traditional determinism ................................................................................... 87 

3.1.1 Determinism as a scientific principle ................................................................. 87 
3.1.1.1 Definition of traditional scientific determinism ........................................ 87 
3.1.1.1.1 Determinism, predictability and difference between science and magic 88 
3.1.1.1.2 Stochastic determinism 88 
3.1.1.1.3 Determinism and absence of cause - Chance 88 
3.1.1.1.4 Examples of deterministic phenomena and computability issues 89 

3.1.1.2 Time-symmetry of traditional determinism ............................................. 90 
3.1.1.2.1 Possibility of reversing the flow of time 90 
3.1.1.2.2 The single causal chain of traditional determinism 90 
3.1.1.3 Time symmetry and reversibility ............................................................ 90 
3.1.1.3.1 Sample time symmetry 90 
3.1.1.3.2 Sample reversible phenomenon 90 



21 
 

3.1.1.3.3 Irreversible phenomenon 91 

3.1.1.4 Local and global determinism ................................................................ 92 
3.1.1.4.1 The principle of least action of Maupertuis 92 
3.1.1.4.2 The Fermat principle of fastest path of light 92 
3.1.1.4.3 Quasicrystals 93 
3.1.1.4.4 Statistical determinism 93 
3.1.1.4.5 Conjugate variables 94 
3.1.1.4.6 Conclusion about global determinism 94 

3.1.1.5 Determinism, algorithms and computability ........................................... 94 
3.1.1.5.1 Evolution laws described by differential equations and determinism 95 
3.1.1.5.2 Exclusions 95 
3.1.2 Determinism as a philosophical principle .......................................................... 96 
3.1.2.1 Deterministic reasoning ......................................................................... 96 
3.1.2.1.1 A philosophical remark about reality and possibility 97 
3.1.2.1.2 Determinism does not apply to human thinking 98 
3.1.2.2 Critique of the chaining of causes and consequences .......................... 98 
3.1.2.2.1 A given situation may be preceded or followed by several laws of evolution 98 
3.1.2.2.2 Irreversible transformations 99 
3.1.2.3 Determinism, measures and objectivity ................................................. 99 

3.1.2.4 Determinism and man's free will .......................................................... 100 
3.1.3 Sample physical law that is both time-symmetrical and reversible ............... 100 
3.1.4 Conclusions about traditional determinism ..................................................... 101 
3.1.5 The purpose of this text and the efforts it implies ........................................... 102 
3.1.5.1 He who does not know must put up with situations without understanding

 ............................................................................................................ 102 
3.1.5.2 He who understands can ..................................................................... 103 

3.1.5.3 A few learning tips ............................................................................... 104 
3.1.6 This text's limited ambition ............................................................................... 106 
3.1.6.1.1 A text cannot contain a description of itself or a comparison to itself 106 
3.1.6.1.2 Scientific knowledge of the Universe is necessarily incomplete and based on 

postulates 106 
3.1.6.1.3 Limits of this text 107 

3.2 Extending determinism to suit physics ........................................................ 108 
3.2.1 Uniformity of the laws of nature ....................................................................... 108 

3.2.1.1 Properties of the laws of the Universe ................................................. 108 
3.2.1.1.1 Consequence of the uniformity of the Universe: invariance in a displacement109 
3.2.1.1.2 The scientific laws of the Universe are coherent (non-contradictory) 110 
3.2.1.1.3 Completeness and generality of the laws of nature 110 
3.2.1.2 Origin of the causal postulate .............................................................. 111 
3.2.2 Definition of extended determinism ................................................................. 111 

3.2.2.1 Complements of this definition ............................................................ 112 
3.2.2.2 Justification of this definition of extended determinism ........................ 112 

3.2.2.3 Constructive definition of extended determinism ................................. 112 
3.2.2.4 Scales of determinism ......................................................................... 113 

3.2.2.5 Mnemonic statements ......................................................................... 114 
3.2.2.6 Contributions of extended determinism to logical reasoning ............... 115 
3.2.3 Causality and predictability .............................................................................. 115 

3.2.3.1 Generalization: human thinking is non-deterministic ........................... 117 
3.2.4 System and state ............................................................................................... 118 



22 
 

3.2.4.1 Degrees of freedom of a system ......................................................... 118 
3.2.4.1.1 Equipartition of energy between the degrees of freedom 118 

3.2.4.2 Phase space - Quantum state of a system .......................................... 119 
3.2.4.2.1 Quantum state 120 
3.2.4.2.2 State vector 120 
3.2.4.2.3 State space 120 
3.2.4.2.4 Physical reality and representation in state space 120 
3.2.4.2.5 Phase space of a force field and associated state space 121 
3.2.4.2.6 Equipartition of energy in a force field ï Atom stability 122 
3.2.5 Contradictions of traditional physics and of its determinism ........................ 122 
3.2.6 Some astonishing physical forces ................................................................... 123 
3.2.7 Evolution and transformation ........................................................................... 124 
3.2.7.1 An interaction requires an exchange of energy ................................... 124 
3.2.8 1st extension of determinism: plurality of final states ..................................... 125 

3.2.8.1 A concise introduction to quantum mechanics .................................... 125 
3.2.8.2 From contingency to probability........................................................... 126 

3.2.8.3 Extending determinism to imprecise and probabilistic results ............. 126 
3.2.8.3.1 Wave-particle duality results in dual determinism 128 
3.2.8.3.2 Corpuscle trajectory 129 
3.2.8.3.3 Theory of chemical resonance 132 
3.2.8.3.4 Impact on determinism - Randomness 132 

3.2.8.4 Fundamental equation of quantum mechanics (Schrödinger) ............. 134 
3.2.8.4.1 Quantum mechanics cannot describe phenomena without time symmetry 136 
3.2.8.4.2 Quantum mechanics ignores gravitation and its relativistic curved space 136 

3.2.8.5 Describing macroscopic systems ........................................................ 137 
3.2.9 2nd extension of determinism: superpositions................................................. 137 

3.2.9.1 States superposition and decoherence ............................................... 137 

3.2.9.2 Trajectories superposition ................................................................... 138 
3.2.9.3 Conclusions on state and trajectories superpositions .......................... 138 

3.2.9.4 The determinism of Hugh Everett's tree-structured multi-universe ...... 140 
3.2.10 3rd extension of determinism: quantization and uncertainty principle ........... 141 

3.2.10.1 Quantization of energy levels and energy exchanges ......................... 141 
3.2.10.2 Nature's 3 most fundamental constants .............................................. 141 

3.2.10.3 Particle position and velocity ............................................................... 141 
3.2.10.4 Wave packet spreading ....................................................................... 141 
3.2.10.4.1 Description of a corpuscle's wave packet 141 
3.2.10.4.2 Spreading of a corpuscle's position matter wave 143 
3.2.10.4.3 Photon wave 144 

3.2.10.5 Uncertainties affecting the simultaneous determination of 2 variables 144 
3.2.10.6 Remarks about uncertainty and imprecision........................................ 146 
3.2.10.6.1 Physical origin of the Heisenberg uncertainty during a measure 147 

3.2.10.7 Uncertainty due to the Compton Effect ................................................ 147 
3.2.10.8 Measures, uncertainty and objectivity ................................................. 148 
3.2.10.8.1 Each quantum physics measure alters the measured value 148 
3.2.10.8.2 Planned measure and actual measure: an example 148 
3.2.10.8.3 Copying a quantum state - Cloning using molecular copy 150 
3.2.10.8.4 Measuring using a large number of particles 150 
3.2.10.8.5 Conclusions about objective and measured reality in quantum physics 151 
3.2.10.8.6 Constraints due to non-independent variables 151 



23 
 

3.2.10.8.7 Objectivity of measures 153 
3.2.10.8.8 Ignorance and hating mathematics 156 

3.2.10.9 Quantization of interactions and impact on determinism ..................... 158 
3.2.10.9.1 Difference between quantization and uncertainty 158 
3.2.10.9.2 Quantized energy exchanges and energy conservation 158 
3.2.10.9.3 Consequences of the quantization of interactions: another extension of 

determinism 159 
3.2.10.9.4 Quantization of vibrations - Phonons and friction 159 
3.2.10.9.5 Mechanical and thermal effects of light 160 
3.2.10.9.6 Photoelectric effects 161 
3.2.10.10 Impact of various imprecisions on determinism ................................... 161 
3.2.11 4th extension of determinism: conservation and symmetry laws ................... 163 
3.2.11.1 Invariance of values and of laws of physics ........................................ 163 

3.2.11.2 Invariance of laws of physics with respect to space and time.............. 164 
3.2.11.3 Invariance and conservation laws ....................................................... 167 

3.2.11.4 A void full of energy ............................................................................. 167 
3.2.11.4.1 The void of quantum physics 168 
3.2.11.4.2 Planck distance, time, density and mass 169 
3.2.11.4.3 Cosmic space is far from empty 171 
3.2.11.4.4 Cosmic expansion 171 
3.2.11.5 Conclusions about symmetries and conservation laws ....................... 173 
3.2.12 5th extension of determinism: complexity, unpredictability, computability ... 174 
3.2.12.1 Result of a large number of deterministic phenomena ........................ 174 
3.2.12.1.1 Statistical mechanics 175 

3.2.12.2 Determinism + complexity = unpredictability ....................................... 175 
3.2.12.3 Modeling complex systems ................................................................. 176 

3.2.12.4 Statistical analysis of complex systems ............................................... 178 
3.2.12.5 Complexity and medical decisions ...................................................... 178 

3.2.12.6 Remarkable results of some computable processes ........................... 180 
3.2.12.6.1 Algorithm for calculating pi - Random sequence of integer numbers 180 
3.2.12.6.2 Studying population dynamics 181 

3.2.12.7 Determinism and duration ................................................................... 183 
3.2.12.7.1 Real numbers and non-computable problems 184 
3.2.12.7.2 Undecidable propositions 186 
3.2.12.8 Computability, determinism and predictability ..................................... 187 
3.2.12.8.1 Computability of a prediction 188 
3.2.12.8.2 Deterministic phenomena with unpredictable consequences and philosophical 

errors 190 
3.2.12.8.3 A critique of Popper's position on determinism 190 
3.2.12.8.4 Achieving computability through limitations and approximations 195 
3.2.12.9 Determinism and convergence of processes and theories .................. 195 

3.2.12.10 Determinism and stability of the law of evolution ................................. 196 
3.2.12.11 Formal logic - Propositional calculus - Predicate calculus ................... 197 
3.2.12.11.1 Formal logic and symbolic logic 197 
3.2.12.11.2 Propositional calculus 198 
3.2.12.11.3 Predicate calculus 200 

3.2.12.12 Insolvable problems - Fermat's theorem - Diophantine equations ....... 200 

3.2.12.13 How certain is the existence of a proof in an axiomatic system?......... 201 
3.2.12.14 Deterministic chaos: sensitivity of an evolution to initial conditions ..... 201 



24 
 

3.2.12.14.1 Multiple attractors 203 

3.2.12.15 Accidents of genome replication and evolution toward complexity ...... 205 

3.2.12.16 A heuristic approach of determinism ................................................... 206 
3.2.13 6th extension of determinism: irreversibility .................................................... 207 

3.2.13.1 Explaining the unidirectional flow of time ............................................. 208 
3.2.13.2 Radioactivity and stability of atomic and nuclear particles ................... 208 

3.2.13.3 Irreversibility is real, not appearances ................................................. 210 
3.2.13.4 Entropy decrease - Dissipative structures - Self-organization ............. 211 

3.2.13.5 Genetic program and determinism ...................................................... 212 
3.2.13.5.1 Genes and human behavior 213 
3.2.13.5.2 Cell renewal and persistence of personality 214 
3.2.13.5.3 Evolution of the genetic program 215 
3.2.13.5.4 Evolution of a population 216 
3.2.13.5.5 Evolution due to a modification of gene expression 217 
3.2.13.5.6 Conclusion about genetic determinism 218 

3.2.13.6 Life, organization, complexity and entropy .......................................... 219 
3.2.13.6.1 Appearance of life and evolution of species 219 
3.2.13.6.2 Indisputable proofs of Darwinian evolution 220 
3.2.13.6.3 The stubbornness of creationists 221 

3.2.13.7 Gravitational collapse and irreversibility ï Black Holes ....................... 221 
3.2.13.7.1 Pauli Exclusion Principle 222 
3.2.13.7.2 Chandrasekhar limit mass - Supernova 223 
3.2.13.7.3 Neutron stars 224 
3.2.13.7.4 Black holes 225 
3.2.13.7.5 Masses and dimensions in the Universe 226 
3.2.13.7.6 Gravitational attraction in the vicinity of a collapsed star 228 
3.2.13.7.7 Succession of events when a body falls into a black hole 230 
3.2.13.7.8 Irreversibility of stellar fusions and of gravitational collapse 231 
3.2.13.7.9 Black holes evaporate! 233 

3.2.13.8 The Big Bang, an irreversible phenomenon ........................................ 234 
3.2.14 Universes with more than 4 dimensions .......................................................... 234 
3.2.15 7th extension of determinism: Relativity, flow of time ..................................... 235 

3.2.15.1 Relativity and irreversibility .................................................................. 237 
3.2.15.2 Virtual particles ï Quantum electrodynamics ...................................... 238 
3.2.16 Attitude toward determinism............................................................................. 239 

3.2.16.1 Consequences of the laws of nature on determinism .......................... 239 
3.2.16.1.1 Validity of the laws of quantum mechanics at macroscopic scale 239 
3.2.16.1.2 Extended determinism may sometimes abolish distances and durations 242 
3.2.16.1.3 Multiplicity of possible consequences 243 
3.2.16.1.4 Unpredictability of the final state or of the evolution itself 244 
3.2.16.1.5 Collision of two independent causal chains 244 
3.2.16.1.6 Difficulty clarifying the initial circumstances or the process 245 
3.2.16.1.7 Impossibility to navigate the causal tree backwards 245 
3.2.16.1.8 Materialism and determinism of the laws of living beings 246 
3.2.16.1.9 Irreversibility 246 
3.2.16.1.10 Relativity 247 

3.2.16.2 Recommended attitude toward determinism ....................................... 247 
3.2.16.2.1 A critique of the methods of thought of some French philosophers 247 
3.2.16.2.2 Freedom of thought 248 
3.2.16.2.3 Open-mindedness 249 



25 
 

3.2.16.2.4 A law is always true, it cannot have a probability of being true 250 
3.2.16.2.5 The anthropic principle 251 

3.3 Levels of abstraction and determinism ........................................................ 255 
3.3.1 Density and depth of abstraction ..................................................................... 255 
3.3.2 Understanding using abstraction levels .......................................................... 257 
3.3.3 Thinking using levels of abstraction ................................................................ 258 

3.3.3.1 Turing machine.................................................................................... 258 

3.3.3.2 Computer language hierarchies .......................................................... 259 
3.3.3.3 Handling complexity using hierarchical levels ..................................... 260 

3.3.3.4 Complexity and mental processes for building abstractions and memorizing
 ............................................................................................................ 260 

3.3.4 Biological information levels and genetic determinism .................................. 262 
3.3.4.1 Information stored in genetic software ................................................. 262 

3.3.4.2 Artificial living beings completely defined by their genetic code .......... 263 
3.3.4.3 Objections of spiritualists and how to disprove them ........................... 263 

3.3.4.4 Each functional level has its own software level .................................. 264 
3.3.4.5 Value and efficiency criteria, and assessment mechanisms ............... 265 

3.3.4.6 The non-stop signaling in our brain ..................................................... 266 
3.3.4.7 The two levels of physiological determinism........................................ 267 

3.3.4.8 Recognition of shapes, structures, processes and intentions .............. 267 
3.3.4.9 Intuition first, then justification ............................................................. 269 

3.3.4.10 The non-stop parallel evaluation of hypothetical situations ................. 270 
3.3.4.11 Memorizing and acquiring experience ï Cultural determinism ............ 270 
3.3.4.11.1 The physiological mechanisms of memory 270 
3.3.4.11.2 Experience acquisition 271 
3.3.4.11.3 Selective memory 273 

3.3.4.12 Artificial desires and satisfactions ï Addicting drugs ........................... 274 
3.3.4.13 Thoughts may also act as drugs.......................................................... 274 
3.3.5 Non-algorithmic or unpredictable psychic mechanisms ................................ 275 

3.3.5.1 Definitions............................................................................................ 275 
3.3.5.1.1 Algorithmic mental mechanisms 275 
3.3.5.1.2 Deterministic mental mechanism 276 
3.3.5.2 Consciousness .................................................................................... 276 
3.3.5.2.1 A quick refresher 276 
3.3.5.2.2 Consciousness and the action of mind on matter 278 
3.3.5.2.3 Consciousness and non-algorithmic thinking 278 
3.3.5.2.4 Conclusion about the algorithmic and deterministic nature of consciousness281 
3.3.5.2.5 Is thinking a consequence of the brain's existence? 282 
3.3.5.2.6 Man's information model 282 
3.3.5.2.7 Consciousness mechanisms are often non-deterministic 283 
3.3.5.2.8 Other examples of human reasoning beyond a computer's capability 283 
3.3.5.2.9 The art of deceiving adversaries ï The two types of uncertainty 284 
3.3.5.3 Current research on deception strategies and decision under uncertainty

 ............................................................................................................ 285 
3.3.5.4 Distinguishing unpredictable behaviors and free will ........................... 286 

3.3.5.5 Distinguishing ability to break the rules and free will ........................... 286 
3.3.6 It is difficult to explain a behavior at macroscopic level based on behaviors at 

atomic level ........................................................................................................ 287 



26 
 

3.3.7 Determinism when the level of abstraction changes ...................................... 288 

3.3.7.1 Natural phenomena ............................................................................. 288 

3.3.7.2 Artificial phenomena ............................................................................ 288 
3.3.8 Autonomy of each level of abstraction and holistic comprehension ............. 289 

3.3.8.1 Holism ................................................................................................. 290 
3.3.9 Differences between mental representations of different people................... 291 
3.3.10 Complexity, open-mindedness and supernatural causes ............................... 293 

3.4 The determinism of living beings .................................................................. 296 
3.4.1 Definition of living beings ................................................................................. 296 
3.4.2 Living beings and determinism ........................................................................ 296 
3.4.3 Thermodynamic possibility of naturally increasing complexity ..................... 296 
3.4.4 Software/physiological modeling of living beings .......................................... 297 

3.4.4.1 Nervous transmission: an all-or-none mechanism............................... 297 
3.4.4.1.1 Principle 297 
3.4.4.1.2 Actual working 297 
3.4.4.1.3 Parallelism 298 
3.4.4.1.4 Adaptability 298 

3.4.4.2 Architectural and functional organization ............................................. 299 
3.4.4.3 Action and assessment algorithms ...................................................... 299 
3.4.5 Is it possible to create artificially a life-like behavior? .................................... 300 

3.4.5.1 Synthesis of amino acids ..................................................................... 300 
3.4.5.2 Genetic engineering ............................................................................ 300 

3.4.5.3 Software model and basic functions of life .......................................... 301 
3.4.5.3.1 Non-determinism, unpredictability of man and materialism 301 

3.4.5.4 What can a computer understand? ..................................................... 302 
3.4.5.5 Understanding, imagination and certainty ........................................... 303 
3.4.6 Intelligent being, determinism and predictability ............................................ 304 

3.4.6.1 Fairness, trust, cooperation and psychological determinism ............... 306 
3.4.6.1.1 The game of "take it or leave it" 306 
3.4.6.1.2 Kant's point of view 307 
3.4.6.2 Competition between reason and affects ï Hidden knowledge ........... 308 
3.4.6.2.1 Importance of automatic behavior in human thinking 310 
3.4.6.2.2 Love at first sight 311 
3.4.6.2.3 Hidden knowledge 311 

3.4.6.3 Competition between reason and intuition .......................................... 313 
3.4.6.3.1 The "Traveler's Dilemma" game 313 
3.4.6.3.2 A man will follow only conclusions that conform to his values 314 
3.4.6.3.3 An objectionable reasoning 315 
3.4.6.3.4 The science of economics is based on an objectionable postulate 315 
3.4.6.4 Intuition mechanisms ........................................................................... 316 

3.4.6.5 The two stages of decision-making ..................................................... 316 
3.4.6.6 It's my wish! ......................................................................................... 317 
3.4.7 Conclusion about the determinism of living beings........................................ 317 

3.5 Determinism in societal sciences.................................................................. 319 
3.5.1 Utilitarian theories of the 17th, 18th and 19th centuries ..................................... 319 
3.5.2 Today's fears and regrets.................................................................................. 319 
3.5.3 An analogy between Darwinian evolution and market economy.................... 320 
3.5.4 Globalization is a deterministic consequence of competition ........................ 321 



27 
 

3.5.4.1 Globalization, determinism and laws of physics and economy ............ 322 

3.5.4.2 Economic consequences of globalization ............................................ 322 
3.5.4.2.1 Globalization is indispensable to get poor countries out of poverty 322 
3.5.4.2.2 Globalization is indispensable to solve global pollution problems 325 
3.5.4.2.3 Globalization fosters integration of national economies 325 

3.5.4.3 Causes and human drawbacks of globalization .................................. 326 
3.5.4.3.1 Always dissatisfied, men keep creating desires and some accuse globalization326 

3.5.4.4 Globalization should be accepted........................................................ 327 
3.5.5 Cooperate or confront: a societal determinism ............................................... 328 

3.5.5.1 Cooperation in primitive human societies ............................................ 330 
3.5.5.2 The English industrial revolution.......................................................... 331 
3.5.6 Historical determinism and natural ethics ....................................................... 332 

3.5.6.1 Ethics, in early human societies and today ......................................... 332 
3.5.6.2 Conclusion: there is a natural ethics .................................................... 335 

3.5.6.3 Modern sociocultural selection ............................................................ 335 

3.6 A critique of determinism ............................................................................... 337 
3.6.1 Conditions for determinism to be disobeyed .................................................. 337 
3.6.2 Conclusion: determinism must be postulated ................................................. 338 
3.6.3 Critique of the scientific method and of scientific truth .................................. 338 
3.6.3.1 The formalists ...................................................................................... 339 

3.6.3.2 The intuitionists ................................................................................... 339 
3.6.3.3 The Platonists...................................................................................... 340 

3.6.3.4 The 18th century rationalists ................................................................ 340 
3.6.3.5 The empiricists .................................................................................... 341 

3.6.3.6 Karl Popper's critical rationalism ......................................................... 341 
3.6.3.6.1 Definition of a scientific truth 342 
3.6.3.6.2 Definition of a scientific theory of an experimental science 343 
3.6.3.6.3 Criteria for considering a theory scientific and publishable 344 
3.6.3.6.4 Can a theory be probable? 345 
3.6.3.6.5 Definition of an objective scientific theory 345 
3.6.3.6.6 Critical rationalism versus empiricism 345 
3.6.3.6.7 Critical rationalism versus conventionalism 346 
3.6.3.6.8 The holist objection to falsifiability 347 
3.6.3.6.9 Interpretive systems 347 
3.6.3.6.10 Hard versus soft sciences 348 
3.6.3.6.11 Evolution of a true theory, of science and of the world according to Popper 349 
3.6.3.6.12 A critique of Popper's opinion on determinism 350 

3.6.3.7 The danger of assertiveness ............................................................... 351 
3.6.4 May causality be questioned? .......................................................................... 351 

3.6.4.1 Causality and Relativity theory ............................................................ 351 
3.6.4.2 Objections to the causality principle .................................................... 353 
3.6.4.2.1 Objections to the scientific method 353 
3.6.4.2.2 The philosophical objection of the first cause 354 
3.6.4.2.3 Multiplicity objections 358 
3.6.4.2.4 Chaos objection 358 
3.6.4.2.5 The separability objection 358 
3.6.4.2.6 Is searching for a cause legitimate? 358 



28 
 

3.7 Is man free in spite of determinism?............................................................. 359 
3.7.1 Man is always dissatisfied ................................................................................ 359 
3.7.2 Determinants of consciousness and man's unpredictability.......................... 359 
3.7.3 Man's conscious wishes and assessment criteria .......................................... 360 
3.7.4 Man does not control his values and his desires ............................................ 360 
3.7.5 Definitions of free will and liberty ..................................................................... 361 
3.7.6 Issues not considered in this discussion about free will ................................ 361 
3.7.6.1 Transcendence.................................................................................... 361 

3.7.6.2 Absolute free will ................................................................................. 362 
3.7.6.3 Indifference to consequences.............................................................. 362 

3.7.6.4 Freedom to think ................................................................................. 363 
3.7.7 Sartre's point of view about free will ................................................................ 363 
3.7.8 Conclusion about free will ................................................................................ 364 
3.7.9 Free will, determinism and responsibility ........................................................ 365 
3.7.9.1 The spiritualist point of view ................................................................ 365 

3.7.9.2 The materialist point of view ................................................................ 365 
3.7.9.3 Society has priority over the individual ................................................ 365 

3.7.9.4 Individual liberty in a society ................................................................ 366 
3.7.9.5 Natural ethics, acquired ethics and man's responsibility ..................... 367 

3.7.9.6 Instability of the scale of moral values and fragility of our judgments .. 367 
3.7.9.7 Conclusions about moral values.......................................................... 368 

3.8 Materialism, determinism and unpredictability of thought ......................... 370 

3.9 Remember rule levels ..................................................................................... 372 

3.10 What can we understand? ....................................................................... 375 

3.10.1 Causality on which nature's determinism is based ......................................... 375 
3.10.2 Understanding chance ...................................................................................... 377 
3.10.2.1 Replacing random positioning by an area of fuzzy presence .............. 377 

3.10.2.2 Imprecise dimensions, fuzzy shapes, tunnel effect and ceaseless agitation
 ............................................................................................................ 378 

3.10.2.3 Imprecise velocities and coupled uncertainties ................................... 379 
3.10.2.4 Allow for discontinuity in addition to continuity..................................... 380 

3.10.2.5 Complete Newton's 2nd law of motion with the Schrödinger equation . 380 
3.10.2.6 Energy fluctuations, non-separability, molecular bonds ...................... 381 

3.10.2.7 Stop believing in randomness as an unpredictability of nature ............ 381 
3.10.2.8 Unpredictability due to complexity ....................................................... 382 

3.10.2.9 Why human thinking is not deterministic ............................................. 383 
3.10.3 Adapting mental representations to quantum mechanics .............................. 384 

3.10.3.1 Accept that a given cause may produce several consequences ......... 384 
3.10.3.1.1 Consequences at atomic scale 384 
3.10.3.1.2 Consequences at macroscopic scale 386 
3.10.3.1.3 Conclusions on plurality of consequences, predictions and precision 386 
3.10.3.1.4 Wave-particle and energy-matter dualities 387 
3.10.3.1.5 Nature's four types of forces and their ranges 387 
3.10.3.1.6 A measure sometimes perturbs the measured quantity 388 
3.10.4 Accepting the consequences of Relativity....................................................... 388 
3.10.5 Adopting hierarchical representations for complex realities ......................... 389 

3.10.5.1 Use schemas to structure knowledge .................................................. 389 



29 
 

3.10.5.2 Use tree hierarchies to represent possible causal structures .............. 390 

3.10.5.3 Overlooking levels hinders understanding ........................................... 390 
3.10.5.4 Hierarchical structures, memorizing and conducting one's thoughts ... 391 
3.10.6 Limits of knowledge .......................................................................................... 391 

3.10.6.1 What is unknowable ............................................................................ 393 
3.10.6.1.1 Practical issues 393 
3.10.6.1.2 Speculative issues such as "the first cause" and "the anthropic principle" 394 

3.10.6.2 Superficial or in-depth knowledge ....................................................... 396 
3.10.7 Man's free will .................................................................................................... 397 

3.11 Conclusions and practical recommendations ....................................... 399 

3.12 References and complements ................................................................ 401 

3.13 Appendix: Minkowski space-time ........................................................... 487 

3.13.1 Special Relativity ............................................................................................... 487 
3.13.2 Space-time ......................................................................................................... 487 
3.13.3 Space-time diagram ........................................................................................... 487 
3.13.4 Space-time interval ............................................................................................ 490 
3.13.5 Causality condition between two events.......................................................... 491 
3.13.6 Independence of two events and causal relationship ..................................... 492 
3.13.7 Conclusions about causality............................................................................. 495 
3.13.8 Remark about simultaneity ............................................................................... 495 
3.13.9 World line ........................................................................................................... 496 
3.13.10 General Relativity ï Accelerated motion ï Light cone tilting .......................... 496 
3.13.11 The traveler's paradox ....................................................................................... 497 
3.13.12 Energy-momentum four-vector ......................................................................... 498 

3.14 Scientists and philosophers quoted ...................................................... 501 

 
 

  



30 
 

 
 
 
 
 

Part 1 
 
 
 
 
 
 
 
 

1. The three proofs of God's existence 

A scientist's point of view 
 
 
 



31 
 

1.1 What men expect to find when they think of God 

Á An explanation of the world that science cannot provide: who created it and how, 
etc. 

Á A model of virtuousness and righteousness: God is perfect and infinitely good, 
whereas man is a liar and a sinneré 

Á Perfect justice that recognizes good and bad deeds, rewards good men and 
punishes the othersé 

Á Solace: when a believer suffers from the indifference or the hostility of other men, he 
knows that God loves himé 

Á Absolute power, whereas man's power is limitedé 

Á A complete knowledge of the past, the present and the future (omniscience), 
whereas man is so ignoranté 

Á God is eternal, whereas man is mortalé 

Á God is present everywhere and in all His creatures, etc. 
 
When a man does not know, he reassures himself thinking that God knows. When a 
man has doubts and is afraid, he places himself in the hands of divine Providence or 
prays to obtain help. When a man feels despised or victimized, he thinks that God 
stands by him, loves him and will grant him in heaven the happiness he deserves. When 
a man is afraid of death, he thinks of a life after death, in the kingdom of heaven. When 
a man sees or commits sin, he thinks of God's Ten Commandmentsé 
 Throughout history, the great monotheist religions have played two important roles 
in human societies: a role in culture and ethic, and a social link between believers, who 
were the vast majority of people. Nowadays these two influences are no longer as 
powerful as they used to be, particularly in France, and the consequences on French 
society are severe [D6]. 

1.1.1 André Comte-Sponville's definitions of God and religion 

The French atheist philosopher André Comte-Sponville writes in [5]: 

Á Page 80: 

"By 'God' I mean an eternal, spiritual and transcendent being (both external and 
superior to nature), who may have knowingly and deliberately created the Universe. 
He is supposed to be perfect and blessed, omniscient (all-knowing) and omnipotent 
(all-powerful). He is the Supreme Being, the Creator who was not created (He is His 
own cause), infinitely kind and righteous. Everything derives from Him, but He does 
not derive from anything. He is the Absolute as a person and in His acts." 

Á Page 16: 

"I call 'religion' every organized set of beliefs and rites about things that are sacred, 
supernatural or transcendent, and especially about one or several God(s). These 
beliefs and rites unite those who believe in them and practice them in a moral or 
spiritual community." 
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1.2 Man conceives of God in his own image 

This is no blasphemy, it is a fact: men attribute to God the qualities they do not have or 
have too little of, but they wish they had. Their idea of God is so anthropomorphic that it 
is sometimes naïve; it is obviously a product of their mind that shows their problems. 
They imagine God as a predecessor of man, His creature; as external to man when He 
created him, when He helps him, judges him or punishes him; as similar to him when He 
is jealous of other Gods that man could adore [D1]. 
 
Judging by the number of religions that we have had for centuries, the same pursuits of 
men produced answers that are diverse and adapted to locations and living habits that 
are also diverse. More about this subject below. 

1.2.1 The contradiction that explains the search for a proof of God's existence 

There is a fundamental contradiction in the very concept of a God whose goodness is 
infinite, and whose Providence intervenes in the serious situations when evil could 
prevail: how is it that so much suffering and injustice have always plagued humanity, 
and why does God let man do so much evil? The believers provide an answer to this 
contradiction: "God granted man free will". It seems obvious to me that this answer was 
invented by them to show God to be innocent and to explain why He lets man do so 
much evil. Since it defies common sense, the believers want us to renounce rational 
thinking and factual understanding when it comes to religion; they explain that God's 
acts are beyond our understanding. In short, religion is revealed, and this revelation 
must be accepted without criticism. 
 
The prominent religions are based on revelations presented as truths that must be 
accepted a priori, without proof. For those religions, the search for rational proofs of 
God's existence (our subject in this initial part of this book) is not necessary. The only 
reason why so many clerics and philosophers have tried to provide such rational proofs 
is to convince non-believers to believe; in France, for example, Blaise Pascal and René 
Descartes (who were both scientists and philosophers) worked on this subject all their 
lives. 
 
While parents strive to protect their child, who may be up to mischief because he is not 
yet old enough to be reasonable, our Father lets us sin, then punishes us for sinningé 
 
The contradiction (sometimes called "The Problem of Evil") is even more serious. In [5] 
page 122, André Comte-Sponville reports four hypotheses attributed to Epicurus: 

"Either God wants to eliminate evil, but cannot; or He can, but does not want to; or 
He both does not want to and cannot; or He wants to and can. If He wants to but 
cannot, He is powerless, which contradicts the very definition of God; if He can but 
does not want to He is wicked, which He cannot be; if He both does not want to and 
cannot, He is both powerless and wicked, therefore He is not God; and if He wants 
to and can ï the only assumption that befits God ï why is there evil, and why does 
not God prevent it?" 



33 
 

"The fourth hypothesis, the only one that matches our representation of God, is 
therefore disproved by reality itself, the existence of evil. We must therefore 
conclude that there is no God who created the world or governs it, either because 
God does not exist or because the gods (that was the opinion of Epicurus) do not 
take care of us, and disregard the world's order or disorder, because they have not 
created it and do not govern ité" 

 
The contradiction that appears with the problem of evil is so fundamental that many men 
have strived to verify God's existence, or to find arguments that prove it to others. 
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1.3 How can God's existence be proved? 

Man's representation of God is very human, and yet so abstract that he cannot verify its 
validity, he cannot prove it experimentally or prove God's intervention in the Universe; he 
knows that God does not take up the challenges of men. That is the reason why, for 
thousands of years, man has been wondering how he can prove to himself and to his 
fellow humans that God exists. 
 
Judaism first, then Christianity, then Islam are revealed religions. Each asserts God's 
existence, formulates his Commandments, and requires men to believe them without 
demonstration or experimental proof. Each has holy texts that reveal God's words 
without factual or logical proof, and asks men to have faith in them. The teachings that 
come from divine revelation are referred to as dogma. 
 
Before the century of Enlightenment [47], which ended with Kant's death in 1804, only a 
few philosophers and a few saints tried to convince men to believe in God by providing 
proofs ï or what they believed were proofs. Kant discovered the absence of value of 
those proofs (more on that subject later), and decided to rebuild from scratch all of the 
rational reasoning on that subject ï and more generally on the subject of our ability to 
know something for certain ï by submitting all of our knowledge to the "Tribunal of 
Reason". In 1781, he wrote in the foreword of the "Critique of Pure Reason" [M3]: 

"Our age is the age of criticism, to which everything must be subjected. The 
sacredness of religion and the authority of legislation are by many regarded as 
grounds of exemption from the examination of this tribunal. But, if they are 
exempted, they become the subjects of just suspicion, and cannot lay claim to 
sincere respect, which reason accords only to that which has stood the test of a free 
and public examination." 

 
The part of metaphysics concerned with the existence and nature of God, as they 
appear when examined using only rational thinking and experience, is called "theodicy", 
which is a synonym for rational theology. This Part 1 is a text about theodicy. 
 
The various arguments for God's existence, which have been enunciated through the 
ages, may be grouped into three main categories: 

Á The cosmological arguments; 

Á The ontological arguments; 

Á The teleological (or design) arguments. 

1.3.1 The cosmological arguments 

Simply put, this type of argument rests on the following reasoning. The existence of the 
Universe is uncertain because it is contingent (it could have existed, or not). However, I 
am sure that something exists (I, for example, as Descartes noticed when he wrote in 
1637 "I think, therefore I am"), which proves that some knowledge may be attained. 
Moreover, since whatever exists must have been created, there is a Creator, God. 
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Á Various philosophers (Aristotle, Avicenna, Maimonides, Saint Thomas Aquinas, etc.) 
considered that since the world exists, which it does not have to, there must be a 
cause of that existence, and even an initial cause, God. 

Á Moreover, since there is change in the world and change is always the result of a 
cause, and since that cause is itself the result of a previous cause, there must be a 
first cause [16]. That first cause must be of a radically different nature, because it 
was itself not caused, it is God. 

 
In short, the cosmological arguments are based on the postulate that the existence of 
the Universe must have a cause; and since the current situation is due to a chain of 
causes, then the first cause is called God. 

1.3.2 The ontological arguments 

This type of argument rests on the principle that "essence precedes existence": the non-
physical (transcendent) concept of a perfect God precedes His existence, which is only 
a property (an attribute) and a consequence of that concept. (An interesting analysis of 
the possibilities that essence may precede existence or that existence may precede 
essence is available in the famous text by Sartre "Existentialism Is a Humanism" [15]). 

Á Saint Anselm of Canterbury defined God in the 11th century as a concept (an 
abstraction, an idea) such that nothing greater can be conceived. In other words, 
God's essence has the property of being greater than everything else is. From this 
definition, Anselm derived a proof ad absurdum: 

"If God existed only as a concept of man's mind and not in reality, then something 
greater could be conceived: the same God that would also exist in reality. This 
contradicts the initial assumption that God is greater than everything else is. 
Therefore God exists also in reality as a being greater than everything man could 
see or conceive." 

In short, the unsurpassably perfect being must exist; otherwise, it would not be 
unsurpassably perfect. Anselm derives the existence of God from the meaning of 
the word "God", which is an obvious error. 

This argument is called ontological (which means "that relates to the most general 
properties of a being, such as its existence, its possibility or necessity of existence, 
its duration, its future"). It deduces an existence in the real world from a human 
(abstract) idea. We shall see below, using a mathematical example, that man's mind 
can conceive an infinite sequence of infinite sets, each one with more elements than 
each of its predecessors. Almost all of those sets would have more elements than 
can exist in the Universe. Does that make man equal to God? Does it prove that 
"God is in each man"? 

The postulate that there may physically exist something which is greater than 
everything else was dangerous even in Anselm's time, because a counterexample 
was known since the ancient Greeks: in the set of integer numbers there is no 
number greater than all the others (infinity is not a number); so what proves that 
there exists a concept such that nothing greater can be conceived? Deducing a 
physical existence from a false conjecture is an obvious reasoning mistake. 
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Á The French philosopher Descartes also uses an ontological argument when he 
asserts that God exists: since an imperfect man such as himself conceives of God's 
perfection, that concept can only be inspired to him by God. He writes in his Third 
Meditation (http://www.wright.edu/cola/descartes/meditation3.html): 

"éit seems to me that I may now take as a general rule, that all that is very clearly 
and distinctly apprehended (conceived) is true." 

That is an ontological argument. In short, Descartes' reasoning is this: 

"I think, therefore I exist as a thing that thinks. Since I think of something which is 
infinite and perfect, and that thought cannot originate in such a finite and imperfect 
being as I, it must be inspired by something that is infinite and perfect, God. 
Therefore, He exists." 

 
The fundamental error of ontological arguments is obvious, as Kant clearly 
demonstrated: a concrete existence - one that may be verified experimentally - may not 
be derived from an essence, which is a human abstraction. In other words, the existence 
of a concept in a mind does not entail the physical existence of the thought's object. 

1.3.3 The teleological arguments 

Other philosophers (Plato and Aristotle, his most famous disciple), noticed that there is 
order in the world instead of absolute disorder; that nature follows laws (such as those 
that govern the motion of celestial bodies); and that there is a lot of beauty. They refused 
to believe that such order and beauty resulted from chance. They attributed those 
qualities to a deliberate design by a Creator, God. 

Teleology is a doctrine that explains the world's existence by a purpose, the intent of 
an external Creator. This intent is a final cause, as opposed to an efficient cause. A 
cause is called final when it refers to an end that is pursued; it is called efficient 
when it refers to a deterministic link between cause and effect. 

Teleology is also the study of ends, particularly human ends. As a synonym of 
finalism, it is a doctrine opposite to mechanism, which postulates that the existence 
of the Universe is not due to any external volition or interference, and that its laws 
are governed by determinism. Finalism is a form of determinism due to the will and 
power of God. 

The current position of the Roman Catholic Church 

In July 2005, Cardinal Schönborn, archbishop of Vienna, asserted that the Roman 
Catholic Church explains the existence of the world using the teleological argument, 
considered self-evident. He insisted that this position is incompatible with Darwin's 
theory of evolution, which states that species evolve due to random mutations and that 
the fittest survive due to natural selection [D4]. 
 
It is important to know that scientists prove evolutionism since the 1920's by creating 
artificial mutant species using a process similar to natural genetic accidents! 
 

http://www.wright.edu/cola/descartes/meditation3.html


37 
 

In July 2007, Pope Benedict XVI stated a clear official position on two issues [D7]: 

Á There are many scientific proofs of evolution, which therefore appears to be real and 
must be accepted; this contradicts Cardinal Schönborn's position; 

Á However, evolutionism does not answer the question of the initial creation of the 
world, a subject on which the Roman Catholic Church states that "reason, creative 
reason, precedes everything and we are truly the reflection of creative reason". 

 
In short, the Roman Catholic Church supports spiritualism and finalism. It also supports 
the cosmological argument of God's existence when it affirms that the Universe was 
created by God. 

1.3.4 Kant's moral argument 

The three arguments above are unconvincing. Being a believer, Kant, the first great 
philosopher who documented their errors (in the "Critique of Pure Reason" [M3]), also 
provided a non-rational argument for postulating God's existence in his "Critique of 
Practical Reason" [M3]. He explained that moral life requires believing in God, because 
only divine power can reward virtue with happiness and punish misdeeds. 
 
Kant states that moral obligations compel man to do his duty, in spite of being free to act 
immorally, following his natural tendencies such as selfishness. Here is a quotation of [5] 
page 36 about ethics: 

"é Moral principles are not the result of a decision or a creation. Every man can 
only find them in his own mind if he has received them (regardless of who from, be it 
God, nature or education). He can criticize an aspect of ethic only by referring to 
another (for example, criticize sexual ethic in the name of individual liberty; or liberty 
in the name of justice, etc.) All moral rules come from the past; their roots are in 
history for society, and in childhood for an individual. Freud calls them the 
"superego" [the ethical component of personality], and they originate in the history of 
society just as the "id" [the psychic content related to the primitive instincts of the 
body] originates in the history of the species." 

 
Following moral rules is not logical in a materialistic world, ruled by an indifferent nature 
with its laws of physics, economy, etc. In such a world, a man's decisions being an 
automatic (deterministic) result of physical circumstances, he is not free, therefore not 
responsible, and his acts are neither punished nor rewarded in the next world; for there 
is no next world and no God. More on this subject in Part 3. 
 
However, moral rules become coherent for a believer, and for an atheist who abides by 
atheistic ethical rules. In western countries, those rules are the same as those of 
religion, and their origin is Judaeo-Christian. 
 
For further details on this subject, please see this paragraph of Part 3. 
 
Kant even states that the moral obligations of altruism and universality [D5] exist a priori, 
because they are a consequence of man's dignity; and they do not require rational 
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justification. He also rejects a justification of virtuous behavior based on fear of 
punishment or hope of reward, in this world or the next: a behavior based on the carrot 
and the stick deserves no credit! 
 
In short, Kant postulates the existence of an imperative duty, which is the supreme 
moral value, does not require rational justification, and implies the goodness and the 
purity of intentions, no matter what results may be expected. Each individual must have 
internalized this duty, which must be one of the values received from his family and 
society. 
 
Kant's arguments for believing in God are simply a few clearly stated postulates, such as 
God's existence and man's liberty. These postulates cannot be demonstrated within the 
framework of logical reason, and must be a result of personal choice. These postulates 
may be invoked by believers as a foundation of their ethic, which must guide their 
behavior in society. However, ethic itself, based on the supreme value of imperative 
duty, does not require these postulates: an atheist or an agnostic may be just as virtuous 
ï or non-virtuous ï as a believer may. 
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1.4 Arguments without value 

The cosmological and teleological arguments start with experimental observations 
based on our world to conclude that they necessarily have a cause outside this world, a 
cause they define as God [16]. 

1.4.1 Causal weaknesses of cosmological arguments 

Summary: a cosmological argument is based on the postulate that the Universe's 
existence and the evolution of situations must have a cause, since they are contingent; 
the first cause of the Universe's existence and subsequent evolution is then called God 
[16]. 

1.4.1.1 Contingency is a vain hypothesis 

What proves that the Universe did not have to exist? Nothing; we are simply certain that 
it exists. Imagining what does not exist is a speculation with no guarantee of rationality, 
since it is beyond our verifiable experience, therefore outside our science, based on 
such experience. In fact, contingency contradicts the principle of identity [16]: something 
that exists, exists; imagining that it did not have to exist is fruitless speculation. 

Examples of speculations about the Universe that are fruitless because they cannot 
be verified experimentally: imagining what it would be like if it had 7 dimensions 
instead of 3; or if gravity did not exist; or if time being cyclic, there would be neither 
a beginning nor an end, so God could not have created ité 

 
What proof do we have that something that exists was created from something else, or 
from nothing? Again, none: the principle "all that exists was created" is a postulate, it 
cannot be proved with logic. An eternal object ï if one exists ï has always existed 
without having been created; enunciated in a more modern way, this assertion becomes 
"time began with the Universe" (in other words with the Big Bang), a postulate that 
nothing contradicts in today's science. 
 
More on this in Part 3: The philosophical objection of "the first cause". 

1.4.1.2 There is no proof of the qualities attributed to God 

The cosmological proofs define God as the first (primary) cause [16] of the world's 
existence and evolution. Even admitting that God is the Creator and the first cause of all 
evolutions, nothing proves that He has the qualities attributed to Him: omniscience, 
omnipotence, goodness, etc. 

1.4.1.3 Conclusion about cosmological arguments 

Man has a natural tendency to affirm the existence of a cause for everything he 
observes and everything he imagines, because it is simple and reassuring. Basing 
God's existence on the Universe's contingency and causality is not convincing; and no 
cause justifies the qualities attributed to God. Cosmological arguments are therefore 
worthless. 
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1.4.2 Weakness of ontological arguments 

Summary: an ontological argument states "Since I can conceive of perfection 
and infinity, God exists". 

 
Kant denounces such reasoning in [M3] as erroneous: 

Á In SECTION IV Of the Impossibility of an Ontological Proof of the Existence of God. 

"It is evident from what has been said that the conception of an absolutely 
necessary being is a mere idea, the objective reality of which is far from being 
established by the mere fact that it is a need of reason. On the contrary, this idea 
serves merely to indicate a certain unattainable perfection..." 

Á In SECTION V 

"...Thus arose that unfortunate ontological argument, which neither satisfies the 
healthy common sense of humanity, nor sustains the scientific examination of the 
philosopher." 

Á Also: 

"A hundred real thalers [silver coins] do not contain the least coin more than a 
hundred possible thalers. For as the latter signify the concept, and the former the 
object and the positing of the object, should the former contain more than the latter, 
my concept would not, in that case, express the whole object, and would not 
therefore be an adequate concept of it. My financial position is, however, affected 
very differently by a hundred real thalers than it is by the mere concept of them (that 
is, of their possibility). For the object, as it actually exists, is not analytically 
contained in my concept, but is added to my concept (which is a determination of 
my state) synthetically; and yet the conceived hundred thalers are not themselves in 
the least increased through thus acquiring existence outside my concept." 

 
In short, an existence in reality cannot be deduced from its abstract representation in a 
human mind. 

1.4.2.1 Understanding the error of an ontological argument 

The error that Kant denounced in all three types of arguments of God's existence ï 
cosmological, ontological or teleological ï is a common reasoning error. From a 
proposition true in a given context, it derives a conclusion outside of this context. A 
logical proof of God's existence based on facts and rules that are certain in our Universe 
cannot be constructed for a concept, God, which is outside our Universe because He 
existed before the Universe, and He created it. (Such a concept is called transcendent). 
The human mind can, and does, extrapolate from our Universe to something beyond, 
but such reasoning is no valid proof. 

We shall see in Part 3 of this book, when presenting the Big Bang and the tiny 
fraction of a second that followed it until the Planck time, that we cannot describe 
what happened during that time ï and a fortiori before ï because the laws of our 
physics are not valid at the energy levels and densities that existed then; therefore, 
discussing that situation is pure speculation. 
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Conversely, extrapolating outside our Universe does not allow us to state that since He 
is outside our Universe, God does not exist. 
 
No logical reasoning may conclude with certainty as to God's existence or non-
existence. Such a belief can only be a personal postulate of each one of us. 
 
In short, an ontological proof is necessarily erroneous, because it states that since our 
mind conceives of something that thing exists, in other words that concrete existence is 
contained within (is a consequence of) abstract essence. 
 
Kant went beyond; he showed that metaphysical concepts such as God and the soul are 
irrational inventions of the human mind, or illusions that appear when trying to find 

truths that are absolute or universal, or the initial causes of natural phenomena. These 
first truths or causes are illogical speculations. 

Anselm's error 

In addition to the logic errors quoted above in the analysis of the three arguments of 
God's existence, it is interesting to analyze Anselm's own error in his ontological 
argument. 
 
The notion of "greater than everything else" implies the possibility to compare two 
concepts: God who exists only as a concept and God who exists both as a concept and 
in reality. Kant noted that in our mind, a real object has the same abstract representation 
as the abstraction of this object, which is its representation, by definition. Two objects 
that have the same mental representation are impossible to differentiate; a comparison 
is bound to find them identical. 
 
In addition, the notion of "greater than everything else" is so vague that it sometimes 
does not make sense. In fact, it makes sense only within an ordered set, which is not the 
case for the two-element set {God who exists only as a concept; God who exists both as 
a concept and in reality}, that cannot be ordered since its two elements are identical. 
Even in an ordered set such as the set of natural integers, we know since the ancient 
Greeks that there is no integer number greater than all the others are, since infinity is not 
an integer. 
 
Anselm's error is still very frequent nowadays, because many people lack intellectual 
rigor. Either they consider true a proposition [6] that is not true ï or not always, or they 
perform mental operations such as comparing apples and oranges. Rigorous reasoning 
must be learned, which requires effort; it benefits from the practice of fields such as 
mathematics (especially geometry, analysis and set theory), and the construction of 
algorithms such as computer programs. It also requires knowing oneself in order to 
avoid as often as possible decisions dictated by our wishes in spite of our reason. 
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1.4.2.2 An example from arithmetic 

In the set of fractions {F} whose numerator and denominator are both non-null integers it 
is always possible to divide a fraction A by a fraction B; this gives a quotient Q which is 
always also a fraction of {F}: in this set {F} division is always possible. 
 
If I invoke this possibility to state that in another set, the set of non-null integers {N}, 
division is always possible, I make an error: in {N} the quotient of 3 by 5 does not exist. 
A rule or a possibility valid in the first set, {F}, is not necessarily valid in a different set 
such as {N}. 
 
This example shows that applying the rules of a domain in another is dangerous. In 
particular, the laws of our Universe have no reason to be applicable outside ï if there is 
such a place. Moreover, if there is, nothing proves to us, in our Universe, that the laws 
that apply there are the same. Any conclusion regarding a place outside our Universe is 
pure speculation with no rational value. 

1.4.2.3 An example from cosmology 

Here is another example of the erroneous nature of ontological arguments. A number of 
recent mathematical theories about the beginning of the Universe at the time of the Big 
Bang, and its subsequent expansion, present the possibility that other universes exist. 
Such universes are - and will forever remain - inaccessible to us. Those theories 
consider the possibility that one or more of those universes are governed by physical 
laws that differ from ours, for example because fundamental constants such as the 
speed of light, c, or the constant of gravitation, G, would have different values. 
 
The existence of such laws would not be illogical, and would not contradict physical laws 
that apply in our Universe. If we asserted that since we have, in our Universe, laws that 
are proven and provide verifiable predictions, such laws would necessarily be applicable 
in another universe, we would be mistaken. 

In general, absolute concepts (laws or constants of physics, for example) that apply 
in all conceivable circumstances are dangerous. For example, Relativity proves that 
the measures of time and distance are relative to an observer's motion and to 
gravitational fields. The absolute time and space of Newton's physics are only 
approximations. 

 
Another erroneous assumption is that biological laws that apply on Earth are necessarily 
applicable on any other planet in the Universe that supports life: on such a planet, the 
very definition of life may be different. On Earth itself, for example, there are 
extraordinary living beings known as extremophiles, which live in environments where 
physical or chemical conditions are extreme: temperatures warmer than 100 degrees 
Celsius (212 degrees Fahrenheit); high salt concentration; or very high pressure. Some 
consume carbon dioxide and hydrogen to produce methane gasé 

1.4.2.4 Generalization: reasoning by analogy or induction is dangerous 

The examples above are generalizations based on the ability of the human mind to 
reason by analogy or by induction, thus drawing conclusions from facts or rules that 
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appear similar, or generalizing from a few special cases to all. These two types of 
reasoning are indispensable, because they enable our mind to build useful abstractions, 
and models of reality that are absolutely necessary to our thinking. However, they are 
also dangerous, since they may bring about abstractions and models that are erroneous. 
Example: if, on three different occasions, I met Greeks who robbed me, I should not 
generalize and state that all Greeks are thieves! This example is trivial, but there are 
people who stop paying attention to someone else's opinions after he expressed one or 
two only that they disagree withé 
 
Using analogies is also dangerous when our mind neglects some aspects of reality to 
conclude from a few others that an object is, or behaves like, another. 

1.4.2.5 A mathematical example of the inventiveness of our mind 

For this example of the inventiveness of the human mind, we first need to know the 
number of parts (subsets) of a set of N elements. 
 
Let us start with an example. Consider the set of 3 elements {a, b, c}. The set of all its 
parts is the set {(a,b,c); (a,b); (a,c); (b,c); a; b; c; nothing}, which has 8 elements. We 
notice that for a set of 3 elements the number of its parts is 23 = 8. 
 This property is general: a set of N elements has 2N parts. This is easy to prove by 
noticing that the terms of the development of (1 + 1)N are the number of combinations of 
N elements considered p at a time (called CN

p), p varying from 0 to N: 
 

2N = (1 + 1)N = CN
0 + CN

1 + CN
2 + é + CN

p + é + CN
N,    where CN

0 = CN
N = 1 

 
Therefore, the set {U} of all the parts (subsets) of a set {S} of N elements comprises 2N 
parts, a number always greater than N > 0. It is obvious, anyway, that {U} has more 
elements than {S}, because it comprises all the collections of elements of {S} in addition 
to the elements of {S} proper; therefore {U} is "richer" than {S}. 
 
Now consider the set of all geometrical points of the Universe, each point being 
considered at all times in the past, the present and the future: this is Einstein's four-
dimensional space-time continuum. Now consider at each point of this continuum all 
existing physical properties, both scalar (numerical) such as the local temperature and 
pressure, and vector, such as gravitational attraction and electric field. 
 
The couples {continuum point, property} are the elements of a set {U} which is as rich as 
the Universe, for every object we may consider in the Universe is a part (subset) of {U} 
such as a huge galaxy, one of its stars, a tiny speck of interstellar dust, or even a 
volume of space which is absolutely devoid of matter, but may have been traversed by a 
photon of light a year ago. If God created the Universe, He created all the elements of 
{U}, and nothing more that we can know about; and He is responsible for the evolution of 
those elements through time. 
 
However, the human mind can conceive the set {P(U)} of all the parts of {U}. {P(U)} 
comprises all of the objects that have existed, exist or will exist in the Universe, plus 
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many collections of couples that are pure abstractions. Therefore, {P(U)} is richer than 
everything that existed, exists or will exist in the Universe. 
 
We now see that the human mind can conceive abstractions richer than whatever God 
created physically (in our Universe, because outside ï if there is an outside ï we do not 
know, and never will). Moreover, in the human science of mathematics, there is a theory 
known as the theory of transfinite numbers, which defines an unlimited sequence of 
infinite sets, each one infinitely richer than its predecessor, and all but three richer than 
{P(U)}. 

The above proof is based on the assumption that the Universe created by God has 
a richness deriving from the richness of some sets of points and properties. With 
that assumption, the proof shows that man can always imagine sets richer than any 
given set; it is therefore based on the fact that our imagination is limitless. 

 
Therefore, the human mind can build concepts richer than everything that exists in 
reality, concepts that are necessarily pure abstractions with no physical correspondence. 
Man's conception of a God who created everything and exists really is therefore 
suspicious: it could be a simple abstraction, like the set {P(U)}. 
 
The believers will object, of course, that by creating man, God also created his essence, 
which includes his mind's ability to invent; so He also planned the discovery of the 
transfinite sets, and there is nothing man can conceive that is larger or richer than God, 
or new to Himé 

1.4.2.6 A culture or a religion cannot be universal 

I describe as "universal" something that is true everywhere and for all men, that was 
always true and will remain true in the foreseeable future, in all circumstances. Each one 
of the three monotheist religions, Judaism, Christianity and Islam, considers its revealed 
truths and values universal. 

(Please do not confuse the meanings of universal, universality [D5], and the 
important concept of universals [168].) 

 
For each one of those religions' believers, all men should have the same values, those 
that are taught by his religion. Unfortunately, this is not the case: these three religions 
have many values in common, but many behavior rules they teach are different. Those 
differences are not limited to religious beliefs; they are often cultural. 
 
I call "culture" a production of man's society, in order to distinguish it from "nature". In 
that sense, religion is a cultural production, a subset of a particular culture. Example: 
after only half an hour of reading the Koran, it is obvious that the Muslim religion 
originates in the culture of a people living in the Arabian Desert, approximately in the 7 th 
century. 
 
A culture could be universal only if human nature was unified, which is not the case and 
never was. Some moral values such as allowed/forbidden, some esthetic values such as 
beautiful/ugly vary depending on the epochs and societies, and always have varied. 
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Examples of such variations are the opinions about cannibalism or virginity, the models 
of feminine beauty, etc. There are, however, cultural universals [168]. 
 
Since every culture has values, beliefs and attitudes that are not universals, a universal 
religion cannot exist, even if the believers of each monotheist religion claim that their 
religion is universal! In general, the moral values of a religion, and the esthetic values of 
a culture, are only appreciated by the followers of that specific religion, or by the persons 
who have that specific culture. They are not (or are far less) appreciated by followers of 
another religion or atheists, or by persons who have another culture. Religions and 
cultures are therefore relative to social groups, even though all men share the same 
universals. 
 
Cultural relativism, which many intellectuals admit nowadays, has an important 
consequence: it is unacceptably wrong to judge the values of a culture or a religion 
based on those of another culture or religion! In this 21st century, we do not want to 
repeat the mistakes made until the beginning of the 20th, when peoples of Africa, Asia or 
Australia were considered savages and infidels by Europeans, and so primitive that they 
had to be colonized for their own good. 

Comment on cultural relativism: the values of the universals [168] are universal only 
because they characterize the very notion of human being; no culture may negate 
any of them. For example, each human being, regardless of his culture, is entitled to 
respect of his physical integrity; as a result, no culture ï even if it is part of an 
African tradition ï may justify mutilations such as excision. The Westerners, who in 
the name of political correctness and the respect for foreign cultures, tolerate 
practices such as excision or depriving women of some fundamental rights, behave 
like barbarians. 

 
We may now extend to culture and religion the rule first introduced by Kant about the 
logical proof of God's existence: God being, by definition, external to our Universe, His 
existence may not be deduced from facts and rules of our Universe. Similarly, it is wrong 
- both logically and morally ï to judge the values of a culture or a religion from the point 
of view of another. 
 
All we can do, as a temporary working hypothesis, is to suppose that the exterior of a 
domain behaves like its interior, but this is only a conjecture, an initial representation 
whose consequences must be verified, and which must remain hypothetical as long as 
they have not been. By definition, such a conjecture is not verifiable regarding 
something external to our Universe, in particular God. 

1.4.2.7 Consequences of the multiplicity of religions 

Religious beliefs are not verifiable, and there are several religions. Since truth is one: 

Á If we consider a particular religion, with all the facts it reveals, as either true or false, 
then at most only one of the religions is true and all the others are false, a sad 
conclusion for their believers; 
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Á If we consider a particular religion's revelations as true for some and false for the 
others, we antagonize all its believers, who generally refuse to question any part of 
its dogma. 

 
A religion is necessarily intolerant as to its dogma, which is not open for discussion; it 
negates the validity of the others, and terms them heretic. A believer is allowed to refuse 
to believe without proof, except when the subject is his religion; in the field of faith, he 
must give up rationality. Some people consider such a renunciation insulting for their 
intelligence, their freedom and their human dignity. 

1.4.3 Weakness of teleological arguments 

By definition, a teleological activity has a purpose (a finality, to be exact). The supporters 
of a teleological argument of God's existence (called "creationists") consider our world's 
marvels, or surprising properties, as evidence of a finality, because the probability of 
their occurrence by chance is extremely small in their opinion. They attribute this finality 
to God's will and consider it a form of determinism. For those supporters, and 
particularly for the Roman Catholic Church which affirmed it again in 2005, and again in 
2007: 

"It is obvious that the world, with its physical laws, and man with his soul, do not 
result from chance, but from a divine will; that proves the existence of God, the 
origin of that will." 

Some (but not Pope Benedict XVI) oppose Darwin's interpretation of evolution, which 
results from random mutations and natural selection. 
 
The creationists' opinion is contradicted by all the scientific facts that support 
evolutionism, facts that just about all scientists outside the United States (!) recognize as 
true, and that even Pope Benedict XVI himself admits. 

Paleontology, for example, provides many facts incompatible with creationism and 
teleology; if the evolution of species was governed by a finality, then this finality 
should follow general laws that enable prediction ï in other words deterministic 
laws, but this is not the case since it is governed by chaos rules modeled today by 
the mathematical laws of strange attractors discovered by Ilya Prigogine. 

 
Finally, even admitting that the Universe results from a creative will, therefore from a 
Creator, nothing justifies attributing to Him the qualities of perfection, of righteousness 
and of mercy believers attribute to God, especially because there is a Problem of Evil. 

1.4.3.1 Some phenomena of life are governed by genetic software 

Modern molecular biology shows the existence of a genetic program in every living 
being. This program acts like computer software interpreted by cellular mechanisms. It 
governs all the phenomena of life, including adapting to evolving environments by self-
programming; repairing genetic replication defects; the evolution of species; and thinking 
in general, since that process exists only by means of neuron activity. 
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We have evidence today that the noblest functions of life are created by living matter 
and its genetic software while its cells are created; no transcendent intervention is 
required (details). We even know what confused some philosophers when they 
mistakenly declared that man has free will in spite of materialism. However, we have not 
yet created a living being, not even a unicellular one, from inorganic chemistry 
molecules. Some researchers pretend that success is drawing near; but so far, they 
have not succeeded. 
 
As was explained above, we do not have ï and never will ï a proof that a transcendent 
intervention in our Universe is impossible, or that none ever occurred. 
 
A more thorough description of the importance of genetic software is available in Part 3. 

1.4.3.2 Weakness of creationist arguments 

All the arguments invoked by creationists have in common their amazement at the 
complexity and level of adaption to their environment of many living beings, ranging from 
man and his intelligence to a simple bacterium that nevertheless has a swimming 
flagellum and remarkable vital mechanisms. Creationists refuse to accept that such 
levels of complexity or adaption may result from random mutations, as evolutionism 
asserts, so they attribute them to God. Their reasoning contains three errors: 

Á They forget time, by assuming that living beings were created as we see them 
today. 

Life appeared on Earth about 3.5 billion years ago, enough time for over one trillion 
generations of bacteria to follow one another, each one having an opportunity to 
undergo a mutation. The first hominids appeared, differentiating themselves from 
monkeys, about 8 million years ago, and went through dozens of known successive 
stages before they became today's Homo sapiens sapiens. We also know the 
succession of stages that let monkeys evolve from simpler animals; this evolution 
occurred over millions of centuries, enough time for the mutations to happen. 

Therefore, pretending that the level of complexity and adaption of today's living 
beings is too unlikely to result from Darwinian evolution simply forgets the time 
available for the many successive generations to evolve through mutations, and for 
natural selection to let only the fittest survive. 

Á They forget the principle of identity, one of the three fundamental principles of logic 
[16]: at any given time, a situation is what it is (exactly what it is, with 100 digits 
accuracy if it is the measure of a value!), and it cannot be anything but what it is. 

A man may marvel at the minuscule probability of the current situation having been 
produced by chance, because men often marvel at what they cannot explain. 
However, the fact is that the situation at this time cannot be other than what it is! 
Therefore, any calculation of the probability for this situation (or a value of one of its 
variables) to be what it is that does not produce a result of 1 is false; it is a pure 
speculation. 

Please see the complete discussion of that argument there. 
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Therefore, finding astonishing results or coincidences in an existing situation is a 
psychological phenomenon that does not justify attributing them to God's will. 

Á They offer no scientific theory to replace evolutionism. Scientific progress is always 
achieved through a constantly improved understanding of nature that does not 
explain it by God's intervention, metaphysics or magic, but only using experiments 
and logical deductions. Attributing a phenomenon of the real world to God 
renounces its scientific explanation. 

Creationism is not a scientific theory, its hypotheses cannot be tested 
experimentally, and it cannot be used to predict the future. 

 
In short, the teleological argument is based on a reasoning error, which has 
unfortunately remained quite common to this day "Since I cannot justify scientifically the 
world's marvelous harmony and the complexity of its creatures, I attribute them to God's 
will". This argument is equivalent to "Whatever I do not understand, I attribute to God." 
That is what the Roman Catholic Church has been doing for centuries for many 
"miracles" it could not explain otherwise. Why not attribute the world's creation and 
harmony to an advanced race of beings from another galaxy? Ignorance does not justify 
inventing an explanation and does not prove its value! 
 
For further reading on "Intelligent Design" (a modern form of creationism) and education, 
please see the official report of the Council of Europe [D8]. 
 
Another modern form of the teleological error and its finalism is the anthropic principle. 

1.4.3.3 Psychology of creationism 

We have already discussed above the fact that man conceives of God in his own image. 
Man always acts with a purpose in mind, because he has desires and natural 
inclinations. When he imagined God, he conceived of him with the same thought 
process, just as he imagined that God was jealous of other gods, which men should not 
adore [D1]. It is more reassuring to think that evolution is governed by God, who is 
merciful and righteous, rather than by chance, which is indifferent and inhuman. 
 
Kant believes that man imagined that the world's creation is a result of God's will. Kant 
attributes to God's will only the ethical cause of the world's order and evolution. He 
believes in a moral teleology, but not in a physical teleology. He demonstrates that logic 
excludes the possibility that nature's finality originates in a being ï God ï who is both 
inside nature (inside the Universe) and outside. 

1.4.3.4 The concept of a God who is both a creator and intelligent is contradictory 

If God is all-knowing, He does not think, for He has no problem to solve. Therefore, He 
cannot have intentions, since an intention is a thought and supposes the existence of a 
project that precedes its completion. If God conceived of a project, this project would be 
a possibility that is not yet completed, so God would be finite, which contradicts His 
property of being infinite. Therefore, one cannot attribute to God a separation between 
thought and the existence of His creations, since such a separation would imply His 
finiteness. This reasoning is due to Spinoza, who concluded: the existence of a God who 
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is both a creator and intelligent is absurd, which implies that the notion of a divine finality 
that governs the world is also absurd, which makes the concept of a divine Providence 
just as absurd. 
 
The contradiction inherent to the notion of a God who both creates and is intelligent 
comes on top of the contradiction we already noted above regarding the Problem of Evil. 
The latter compelled the believers to declare that "God grants man free will" and that 
when the subject is religion, man must renounce rational thinking. 
 
These two contradictions prompt us to be cautious: conceiving of infinity can lead man to 
contradictions, since his concepts and logical thought mechanisms are adapted to his 
limited Universe ï and only to his Universe. 
 
Conclusion: the concept of God is an illusion, an irrational projection of our desires, our 
fears and our hopes; Man conceived of God in his image, and this image is full of 
contradictions. 

1.4.4 We should reason using only representable concepts 

This paragraph shows that even a non-contradictory concept of infinity (such as an all-
powerful God who does not create and does not plan projects), may be useless when 
thinking about our world, because it cannot be represented clearly; thinking with such a 
concept risks manipulating meaningless words. To be meaningful, an abstraction must 
be associated with (represented by) some form of sensory perception such as an image. 

Examples: 

¶ For the concept of "circle" to be meaningful enough, I need the ability to 
associate it with something concrete, such as a ring drawn on a piece of paper. 

¶ In this text about determinism, we will extend the domain of sensory perceptions 
to interpret phenomena described by equations and functions, which are the 
only tools that can represent them at atomic scale, too small for our senses. 
With a little experience, we will build mental representations of these equations 
and functions that associate them with images of curves and surfaces. 

 
Unfortunately, there is no way of representing God's infinity using an image, a diagram 
or an equation. We can define this concept with rules such as "He is greater than 
everything else"; or "He is omniscient"; or "His divine Providence is infinitely merciful", 
and such rules are hard or impossible to represent using sensory perceptions. 
Suppose I accept without any sensory representation a rule such as "His divine 
Providence is infinitely merciful", and apply it to the real world in which I live, with its 
wars and suffering; a contradiction appears then between the concept of Providence 
and reality. In fact, the representation of the concept is built by its application to the real 
world (its consequences), and that is when the contradiction appears. Therefore, an 
abstract concept must be validated using sensory perceptions of what it implies. 

Example: if I consider applying for a job that is absolutely new to me, I should try to 
build meaningful mental representations of what its activity implies: what will I do 
every day? Will I be able to do it? Will I be happy doing it? Etc. 



50 
 

1.5 Agnosticism and atheism 

Kant's position on the existence of a God who created the Universe is agnosticism: the 
statement "God created the Universe" cannot be proved within the framework of logical 
reasoning; God's existence is a postulate, as are the soul's immortality, and man's free 
will. Such postulates cannot be proved, yet they are indispensable to a believer to justify 
doing his duty and respecting ethic rules. 

Á For an atheist, ethical behaviors are not necessarily rewarded; and evil deeds are 
not necessarily punished. Therefore, there is no compelling personal reason to 
respect moral rules, and it is the duty of society to enact, teach and enforce legal 
rules, which often cannot replace moral rules. 

Á For a believer, all acts are rewarded or punished sooner or later by God. Postulating 
His existence is therefore necessary to justify doing one's duty. 

 
The impossibility to prove God's existence within the framework of concepts originating 
in our Universe and of logical reasoning is somewhat similar to Gödel's theorems [6]. 
These two theorems, known as incompleteness theorems, prove that in every axiomatic 
(formal) system that comprises arithmetic there are propositions whose logical value 
(true or false) cannot be proved. In that system, it is even impossible to prove that its 
axioms are coherent (non-contradictory). In short: in a given formal language, truth 
cannot be defined in the language itself, it must be defined in a more powerful language, 
external to the former. A more detailed explanation may be found in [6] and in Part 3. 

1.5.1 Pascal's wager 

The French philosopher Blaise Pascal admitted that God's existence could not be 
proven like a geometry theorem. He proposed a wager to skeptics (unbelievers) "Since 
it's impossible to prove that God exists, it's wise to bet that He does. Then, if God does 
not exist, the skeptic only wastes the time and effort of his short life on Earth; but if He 
does exist, the skeptic gains an eternal blissful life. The potential benefit is infinite, 
whereas the potential loss is finite; therefore, it is wise to bet on God's existence." 
 
This reasoning is clearly weak: 

Á It replaces searching for the truth (does God exist?) by a pursuit of personal interest, 
which is suspicious and invites skeptics to believe that this truth is false, unlikely or 
unprovable; 

Á Nothing proves that there are only two possibilities: the existence of God, with His 
Paradise, Purgatory, Hell, and Christian Commandments; and non-existence. If God 
and life after death were different from what the Christian Church states, then the 
skeptic could have chosen wrong by omitting other possible alternatives; 

Á If odds were different - such as 99 chances out of 100 to go to Paradise even after a 
life of sins, because God forgives - would the effort to abide by ethic rules during an 
entire life still be justified? 
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In my opinion, Pascal's wager belongs to the type of reasoning that an audience accepts 
when a talented lecturer delivers it, because it seems correct in the time available to 
reflect on it while the lecturer speaks; but it is not a reasoning that may be accepted by 
people who read it and reflect on it. 

1.5.2 Atheism, positivism and altruism 

Being an atheist is a personal choice, which is just as justified ï or unjustified ï as being 
a believer. The positivist philosophers thought that scientific knowledge, provable or 
empirical (justified by experience), could and should replace revealed faith in God. 
Therefore, they accused believers of inventing, in their religion, a myth based on an 
illusion intended to comfort the wretched, by making them hope that after their death 
they will obtain happiness and justice. Sigmund Freud used to say that religion is always 
based on an illusion that originates in the infantile desire for protection and consolation. 
 
Believer or not, a man needs to adopt an ethic that enables him to be in peace with 
himself and in harmony with society. The issue then is defining and justifying rules such 
that the interest of society takes precedence over that of the individual. 

Á For a believer, this is not a problem, and the rules are spelled out clearly. He who 
lives by the rules is promised Paradise, and he who breaks the rules may end up in 
Hell: the carrot and the stick. 

Á For an unbeliever, Kant has shown that reason could not justify altruism and 
universality. [D5] ("Why sacrifice my personal interest to that of someone else or 
society, if I am not afraid of being punished and I cannot hope being rewarded?"). 
Kant accordingly proposed, to believers and atheists alike, a supreme postulate of 
value that replaces revealed truth: duty. A man must do his duty and be virtuous 
because it is his duty, and it is the only way to have merit. Indeed, he must 
internalize ethic rules so perfectly that he does not need to be afraid of being 
punished by God or by human Justice, and that he does not need to hope for a 
reward. His reason for being virtuous must be his sense of duty, which must be 
acquired through education and the imitation of wise men. 

We shall see in Part 3 that Kant's reasoning is wishful thinking, because it implies that a 
man's willpower is stronger than all his desires, so that his reason can always prevail 
over those desires. As Freud has shown, this is not the case: a man has an ordered set 
of values, and if his desire for virtue and the respect of duty is weaker than another 
desire, he cannot wish to do his duty, he will strive to satisfy the stronger desire. 

1.5.3 Exists, does not exist or exists differently? 

So far, we have considered only two hypotheses: God exists and God does not exist. 
Could not there be a third possibility, God exists differently? To be precise, can we 
answer the question "Is there something outside our Universe (something transcendent) 
that may interfere with the events inside our Universe?" 
 
The latter question may be rephrased using the concept of determinism: "Are there 
physical phenomena in our Universe that do not follow the rules of determinism, which 
implies causes entirely internal to our Universe?" 



52 
 

 
This issue is particularly important by its moral implications: "Is a man free to decide 
what he wishes, assuming that this freedom implies escaping determinism at least in 
part, or are all of his decisions determined by physical causes within our Universe? This 
issue will be discussed in Part 3. 
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1.6 Conclusions 

As far as I know, at this time no philosopher has successfully contradicted Kant or even 
improved on his conclusions. It is impossible to prove: 

Á That God exists, or that He does not exist; 

Á (If He exists) that He has or has not created the world, and that He intervenes in it or 
not. 

 
Believing in God remains an option for men who need a religious justification of the duty 
to act morally, but as a postulate. Explaining the world's creation and its finality (if there 
is one) by God's existence is unprovable, and can only result from a personal, arbitrary 
decision, for example by believing the revelations of a religion. 
 
This book postulates that it is possible to explain the world's existence and the evolution 
of its living beings, including man's intelligence and free will, without resorting to God's 
existence and intervention. 
 
André Comte-Sponville's book [5], published in September 2006, shows quite clearly 
that it is possible to find and adopt an ethic and a spirituality without believing in God or 
in a revealed religion, and without going to church. 
 
The short text by Jean-Paul Sartre "Existentialism is a Humanism" [15] describes an 
interesting point of view on God's existence and man's free will, subjects we will 
elaborate on in the rest of this book. 
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"Currently, I see in Germany, but also in the United States, a somewhat fierce 
debate raging between so-called "creationism" and evolutionism, presented as 
though they were mutually exclusive alternatives: those who believe in the Creator 
would not be able to conceive of evolution, and those who instead support evolution 
would have to exclude God. This antithesis is absurd because, on the one hand, 
there are so many scientific proofs in favour of evolution, which appears to be a 
reality we can see, and which enriches our knowledge of life and being as such. On 
the other hand, the doctrine of evolution does not answer every query, especially 
the great philosophical question: where does everything come from? Moreover, how 
did everything start which ultimately led to man? I believe this is of the utmost 
importance. This is what I wanted to say in my lecture at Regensburg: that reason 
should be more open, that it should indeed perceive these facts but also realize that 
they are not enough to explain all of reality. They are insufficient. Our reason is 
broader and can also see that our reason is not basically something irrational, a 
product of irrationality, but that reason, creative reason, precedes everything and we 
are truly the reflection of creative reason. We were thought of and desired; thus, 
there is an idea that preceded me, a feeling that preceded me, that I must discover, 
that I must follow, because it will at last give meaning to my life." 

 
The Pope's position admits Darwinian evolution, thus contradicting Cardinal Schönborn's 
position [D4]. 
 
[D8] Report of the Committee on Culture, Science and Education to the Council of 
Europe Parliamentary Assembly "The dangers of creationism in education" (17 
September 2007) 
http://assembly.coe.int/Main.asp?link=/Documents/WorkingDocs/Doc07/EDOC11375.ht
m  
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2.1 Materialism and spiritualism: definitions 

Materialism and spiritualism are two opposite philosophical doctrines (systems of 
thought.) 

2.1.1 A concise definition of materialism 

The materialistic doctrine postulates that every reality (object, living being or event) is 
comprised of matter (atoms, etc.), is a consequence of physical processes, or is an 
actual process; the human mind, in particular, is itself a result of the activity of its 
neurons and a representation of that activity; without neurons, the mind does not exist. 
 
We shall see below, when we define extended determinism, that every phenomenon of 
nature obeys laws of physics, and that all laws of physics are governed by extended 
determinism. Postulating materialism compels us to postulate determinism, and we shall 
see that postulating extended determinism compels us to postulate materialism. 

2.1.2 A concise definition of spiritualism 

The spiritualist doctrine postulates the existence of an immaterial reality, which human 
senses cannot perceive. This immaterial reality is described by such concepts as spirit, 
idea, God, soul and volition; it is the cause of physical reality. The world was created by 
God; it is a result of His volition. God also created man's essence (his abstract 
definition), which precedes the existence of his physical body; and the essence of every 
physical object precedes its existence. 
 
For a spiritualist such as a Platonist all real objects are only copies of transcendent 
ideas, and these ideas are the only subject of knowledge. Mathematical truths ï even if 
they are pure abstractions such as the set theory or arithmetic - are absolute, eternal 
and objective; they are universal and would be held true even by inhabitants of another 
solar system. For more details, read the paragraph about the Platonists. 

2.1.3 Materialism versus spiritualism 

Ever since ancient Greece, philosophers have debated the issue of what is real. 

Á Some philosophers, called materialists, believe that objects made of matter exist 
really, and that objective reality exists and is more or less perceived by our senses: 
"Since I see this table, it exists, and it also exists for my neighbor". The French 
philosopher Descartes, wondering if he himself existed, finally concluded "I think, 
therefore I am" (I exist). 

Materialism postulates that reality (the Universe) exists independently of its 
representation in man's mind; indeed, this mind is unable to distinguish between 
reality and its representation. (Remember Kant's statement that "A hundred real 
thalers do not contain the least coin more than a hundred possible thalers, etc.") 
This postulate is sometimes referred to as the "postulate of realism". 

Á The other philosophers, called spiritualists, believe in the existence of a spiritual 
principle, distinct and independent from man's body; they also believe that this spirit 
is superior to matter without clarifying rationally the meaning of the word superior. 
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Spiritualists believe that concepts and intellectual phenomena cannot be accounted 
for by physiological phenomena alone. They also believe that a man has two types 
of requirements: 

¶ Physiological needs such as food, sleep, etc.; 

¶ Psychological desires which distinguish man from animal, such as experiencing 
friendship, etc. 

They also believe that man has two dimensions: soul and body, the soul being 
superior to the body (also without clarifying rationally in what respect it is superior). 

For a rigorous mind, the founding concepts of spiritualism (spirit, idea, God, soul, 
superior, etc.) are vague; they cannot be described precisely, and understanding 
them requires irrational intuition. 

An example of a spiritualist philosopher: Plato 

Since Plato's "Republic" [M1], man knows that his sensory experience is deceptive, that 
what he sees is only his personal representation of reality. This representation is 
necessarily biased, each man being a victim of his preconceived ideas, his fears, his 
illusions and his expectations. 
 
Plato described the illusory nature of man's mental representations in a text known as 
the "allegory of the cave" [M1]. This text shows that man often mistakes the image of 
reality built by his mind for reality itself, and this image may be what he believes he sees 
or what he wishes to see. Plato concludes that man should not attempt to know physical 
reality, which will always be hidden or distorted by his senses and his mind. 
 
Plato states that the world is governed by an organization and a harmony that preceded 
the existence of all forms of matter; that doctrine makes him a spiritualist. For Plato ï 
and since Plato's time for all spiritualists ï the idea (the essence, the blueprint) of a 
physical object always exists before this object. Man can access this idea exclusively 
through his intuition, which provides an "immediate knowledge". For Plato, the reality of 
essence is objective, it exists independently of man, and it is the only reality. 
 
Being the only reality, it is also the ultimate reality. Man can find it by analyzing the 
reality he perceives: the table is made of wood; the wood is made of atoms (the ancient 
Greeks defined an atom as being the smallest indivisible part of an object); and an atom 
derives from the idea of an atom, which is its ultimate reality. 
 
In short, spiritualists believe that matter is a product of an idea, which is the only ultimate 
reality. For more details, read the paragraph about the Platonists. 

Materialism and objective existence 

In contrast with spiritualism, materialism defines matter as all that exists; and this 
existence is independent of man's mind, where thoughts are only aspects of the activity 
of his brain. Materialism and spiritualism are therefore opposites. We shall now see that 
these two doctrines are mutually exclusive. 
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2.1.4 What came first: mind or matter? 

Á For a materialist, matter must exist for thought to happen, since thought is 
supported by neurons. Therefore, thought is a consequence of the brain's existence, 
as is the mind, where thought is an organized process. Man existed physically 
before he invented the notions of spirit and deity that are concepts (thoughts) 
formed in his mind. When man dies, his mind ceases to exist; 

Á For a spiritualist, a spirit existed first and created matter. In particular, man's body 
and mind where created by a spirit, an idea or God. When a man's body dies, there 
is no reason for his spirit to die or his soul if he has one; quite the contrary: his spirit 
may have an afterlife and his soul is immortal. 

 
These two doctrines are clearly mutually exclusive: for a materialist such as Sartre 
"existence precedes essence" [15]; for a spiritualist, it is the opposite. If he is coherent, a 
materialist is an atheist, and a spiritualist believes in God or in a spirit who created the 
world and man. 
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2.2 Biological life, materialism and spiritualism 

A materialist believes that a living being is made of molecules that follow the laws of 
physics, chemistry and biology. All of his actions, his transformations such as growing, 
and all the events of his life as a living being follow these laws of nature. 
 
Some laws of nature are known, others are yet to be discovered, but all events of life 
obey laws of nature, no event is subject to some divine will or to a predetermination 
which would constitute man's essence, his blueprint or "functional specification". 
 
This materialistic view of life is called mechanism by philosophers. It is a doctrine which 
postulates that all observed features of a living being, and everything that happens to it, 
is a mechanical (automatic) result of its past and of the action of natural laws; these laws 
always conform to determinism, and sometimes involve randomness. 

Conclusion: adopting the materialistic doctrine implies accepting determinism. 
However, since traditional determinism has inadequacies, we shall see below that it 
implies adopting extended determinism. 

 
In contrast, a spiritualist believes that a man cannot behave like a machine that follows 
only scientific laws discovered by man. He strongly disagrees with the mechanists' 
conception of man, which considers that all of his acts at some point in time result from 
scientific laws and chance, but never from something immaterial or produced by an idea. 
For a spiritualist, if a man's acts were such automatic consequences or a result of 
chance, his freedom would not exist and he would not be responsible for his decisions 
and deeds. 

In particular, a murderer would necessarily have murdered his victim and he should 
not be sued for this crime, which is a consequence of circumstances and of laws of 
which he is not responsible. 

 
The spiritualists obviously refuse to separate what reality is, from what ethic would like it 
to be. They refuse the fact that a man's death is the end of everything that was important 
to him, and believe in salvation in his afterlife. In short, they do not separate what is from 
what they wish. 

2.2.1 Explaining observed phenomena by a superior finality 

A spiritualist finds the idea that man is neither free to choose nor responsible intolerable. 
He states that man's behavior and his biological life are subject to a spirit, the spirit of 
God or the spirit of the Creator of the Universe, whose will is responsible for its harmony, 
for the existence of all beings, and for all the events that occur. He explains everything 
as the result of a superior finality, a divine form of determinism that granted man a form 
of liberty called free will. 

Spiritualists find the beauty and harmony of the Universe and the existence of 
creatures as elaborate as animals and man impossible to explain as consequences 
of mere chance. They believe in the existence of an initial design due to a volition 
that intended the world to be as it is. Therefore, they believe in a Designer who had 
a superior finality. 
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A spiritualist also refuses to attribute an event to chance, because believing in 
randomness implies accepting that the world is sometimes meaningless, which 
contradicts the very principle of spiritualism: everything there is, everything that 
happens, result from an idea; therefore, everything must have a meaning, even if that 
meaning is not understandable to us. 
 
Spiritualism also criticizes confidence in science. For this doctrine, only such productions 
of the human mind as art and philosophy can apprehend spirit, and they achieve that 
understanding through intuition, not reason. 
 
A materialist who is coherent and therefore an atheist, considers spiritualism in general 
and religions in particular as anthropocentric illusions and superstitions. Therefore, 
materialism rejects the possibility of any intervention in our Universe of an external 
cause, or of a supernatural force, or of an immaterial being, or of God. 

2.2.2 The confrontation between materialists and spiritualists 

So it is not surprising that a materialist and a spiritualist are often intolerant to one-
another, and that they militate to convert their opponents to their own doctrine. Karl 
Marx, a hard-core materialist, wrote in [M2]: 

"Man makes religion; it's not religion that makes man. In fact, religion is the 
consciousness and the intuition of a man who either hasn't yet found himself or has 
already lost himself again." 

"Religion is the sigh of the creature overcome by misfortune, the soul of a heartless 
world, just as it is the spirit of a spiritless epoch. It's the opium of the people. 

For the people's true happiness, religion should be abolished since it is a provider of 
its illusion of happiness." 

 
He meant that: 

Á Religion was invented by man; it is an illusion, a superstition; 

Á Throughout history, the Christian religion promised happiness after death for all the 
unfortunate proletarians who are oppressed and exploited by capitalists, so that 
they do not revolt against their oppressors and exploiters. He therefore considered 
that religion was putting people to sleep like opium that makes its smokers sleep; 
consequently, the Church has always been an accomplice of tyrants and exploiters. 

 
Another difference between materialism and spiritualism is the manner in which each 
represents an observed fact: 

Á Materialism explains the fact from its logical causes, a bottom-up approach; 

Á Spiritualism explains the fact from a supernatural volition and its design, a top-down 
approach. 
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In other words, materialism builds knowledge using factual observations and 
demonstrations, a scientific approach; in contrast, spiritualism implies knowledge by 
intuition or religious revelation. 

2.2.3 Materialistic explanations and levels of abstraction 

Affirming that materialism explains complex phenomena using a bottom-up approach is 
not convincing for complex phenomena. How can one explain intelligence, for example, 
starting with organic molecules? Explaining something is describing it in a way that 
makes it understandable, and it is impossible to explain a complex high-level 
phenomenon with low-level concepts. We shall see in Part 3 that it is necessary to use 
intermediate abstraction levels such that each phenomenon of a given level is explained 
by notions understood in the level(s) below. High-level phenomena are thus explained 
using a hierarchical structure, of which each node is explained by nodes of the level(s) 
below it. 
 
Spiritualists fail to see how human acts, thoughts or feelings can be explained based on 
physical phenomena simply because they do not use a suitable explanation approach: 

Á First, it is necessary to use a hierarchy of intermediate-level phenomena, explaining 
the laws (mechanisms) of these phenomena; 

Á Then, it is necessary to introduce the concept of software (genetic software, for 
example) to represent the behavior logic of each level's nodes using the logic of 
underlying nodes. The lowest level of logic describes the behavior of biological 
mechanisms. We shall see this below. 

 
That approach is not simple, but it is the only way to make complex phenomena 
understandable to a human mind. It is honest to admit that many phenomena are still 
unexplained by science: when someone will explain to me why I like music using a 
hierarchy based on some chemical-electrical phenomena in my neuronsé 
 
Materialism cannot provide absolute truths any better than spiritualism can. It can only 
explain something complex using simpler notions and deterministic laws, and not always 
at that. It will always end up admitting base facts and laws without proof, unproven facts 
and laws that make up an axiomatic system [67]. The only arguments for such a system 
are that it is falsifiable [203] and has not been disproved yet by any observed 
phenomenon or predictable consequence. 
 
In spite of its limits, the materialistic explanation approach we just defined remains 
preferable, in my opinion, to the spiritualist approach, which explains misunderstood 
phenomena such as love using other misunderstood notions such as spirit and God, 
notions that are not falsifiable and cannot be proven or disproved. 
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2.3 Arguments of spiritualists against materialism 

2.3.1 Teleological arguments 

We already mentioned teleological arguments based on the intuition that the world's 
harmony and complexity cannot be due to chance. They are based on an obvious 
reasoning error, which is unfortunately still frequent nowadays; we saw that above. 
 
Spinoza wrote in [97] 

"émen judge of things according to their mental disposition, and rather imagine 
than understand." 

 
Variant of this error: "When the randomness I observe contradicts my preconceptions I 
imagine a law that explains the facts and I attribute it to God." Spinoza wrote 

"So they will pursue their questions from cause to cause, till at last you take refuge 
in the will of God--in other words, the sanctuary of ignorance." 

"God's will is the asylum of ignorance, used to explain something misunderstood by 
something else even less understood." [97] 

 
Other "proofs" of God's existence used by spiritualists in the course of time are 
described, analyzed, and unfortunately disproved in Part 1. 

2.3.2 Contradiction with the second law of thermodynamics 

Spiritualists also criticize materialism by accusing it to violate the thermodynamics law 
that states that entropy must always increase. Let us see what this means. 

2.3.2.1 Definition of entropy 

The entropy of a physical system is its amount of thermal energy per degree of 
temperature that cannot be converted into useful work. Since useful work can only result 
from an ordered molecular motion, entropy also measures the disordered movement of 
the system's molecules, their agitation. 
 
Consider a system in physical contact with several heat sources, whose absolute 
temperatures are T1, T2, etc. The system exchanges with these sources respective 
quantities of heat Q1, Q2, etc. Each of these quantities may be positive or negative 
depending on the direction of the heat flow. We will suppose that all heat exchanges are 
reversible. 
 
The system's entropy variation ȹS is then defined by the sum of ratios 
 

ȹS = Q1/T1 + Q2/T2 + é measured in joules per Kelvin degree. 
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During real (non-reversible) heat exchanges, the previous equality becomes an 
inequality 
 

ȹS ² Q1/T1 + Q2/T2 + é 
 
This inequality expresses the second law of thermodynamics: the entropy of an isolated 
system that undergoes transformations [exchanges of heat and work] always increases 
with time. In particular, the energy available for conversion into work of the Universe is 
running down. (Definitions of thermodynamics: [25]) 

2.3.2.2 Boltzmann entropy 

In 1872, the Austrian physicist Ludwig Boltzmann invented statistical mechanics, the 
science that deduces the thermodynamic laws of a macroscopic system (a system at 
human scale) from the laws that govern its microscopic components, the molecules or 
atoms. The law discovered by Boltzmann defines the entropy S of a macroscopic 
system in a state of thermodynamic equilibrium knowing the number of microscopic 
ways W in which the entropy S can be realized. Let us see the details. 
 
Each molecule of the system has its energy. If the system is a liquid, for example water 
at a temperature of 27 degrees Celsius, this energy is the kinetic energy of the 
molecule's ceaseless motion, an unavoidable consequence of its temperature. 

At an absolute temperature T (measured in Kelvin degrees) each molecule has an 
average kinetic energy of 3/2 kT, where k is the Boltzmann constant, 
k = 1.38066 10-23 joule per Kelvin degree. In other words, an absolute temperature 
T > 0 forces each molecule to move constantly with an average energy of 3/2 kT. If 
the molecule's mass is m, its average velocity is v such that ½mv² = 3/2 kT or 
v² = 3kT/m. 

For example, at an absolute temperature of 300 K (about 27 C = 80°F, the 
temperature of a summer day) the average velocity of a single-atom helium 
molecule is about 1300 meters/second (about 4000 ft/s). At a given temperature T, 
a light molecule such as hydrogen H2 has a greater average velocity than a heavier 
molecule such as nitrogen N2: both molecules have the same average kinetic 
energy, but the ratio between the squares of their average velocities is 28/2 = 14. 

 
Each molecule has its own kinetic energy, independent of the kinetic energy of another 
molecule so long as they have not collided in their ceaseless motion, called Brownian 
motion. This random motion affects any liquid or gas; in solids, the effect of temperature 
is a vibration of each atom around a mean position. 
 
The number of molecules of a macroscopic system is enormous; for example, in 18 
grams (0.635 oz.) of water (a quantity called mole) there are 6.02 1023 molecules (a 
number known as Avogadro's number). The immense number of velocities that each of 
these molecules can have so that their total macroscopic energy has a given value, is ï 
by definition ï W, a colossal number we will never have to write, fortunately! 
 



65 
 

Each way that a system's molecules can distribute its total energy among themselves is 
called a microscopic state. For a given total energy state of the macroscopic system 
there are W microscopic states that have that total energy. It is normal to postulate that 
each of the microscopic states of the macroscopic system has the same probability of 
occurring, and these states are independent. This individual probability is therefore 1/W. 
 
We may then interpret W as a measure of the system's disorder: when a system is more 
structured, its molecules are more linked to one-another, so they are less independent 
and there are fewer ways W that correspond to a given energy. In a gas whose 
molecules are independent, there are more W states than in a solid with the same 
number of molecules.  

Example: consider a system comprised of 12 g of pure carbon (1 mole) in a solid 
state and of 32 g of pure gaseous oxygen (2 moles). Let the carbon burn in the 

oxygen atmosphere following the reaction C + O2 ­ CO2. The result - 44 g of 
carbon dioxide (1 mole) ï is in a more disorganized state than the initial system 
because solid (organized) carbon was replaced with gaseous (disorganized) CO2: 
the system's W has increased. 

 
The Boltzmann entropy S of a macroscopic system in thermodynamic equilibrium is 
defined by 
 

S = k ln W, where 
 
k is the Boltzmann constant and ln W is the Napierian (natural) logarithm of W. 
 
Since W and S vary in the same direction, the entropy S is also a measure of the 
system's disorder. 
 
A system's temperature and entropy are only defined when its state is near equilibrium. 
Consequence: as long as the Universe expands, thus remaining far from equilibrium, its 
entropy (that was very small at the time of the Big Bang) continues to increase. 

2.3.2.2.1 Understanding the second law of thermodynamics 

The second law of thermodynamics [25] states that an isolated system's entropy can 
only increase when it undergoes transformations; its disorder can only increase and the 
energy it contains that may be transformed into useful work can only decrease. 
 
This law applies only to systems near equilibrium, systems whose state variables such 
as energy, geometrical shape, mass, etc., are almost unchanging. 

Á At equilibrium, a system undergoing transformation does not exchange with its 
exterior any energy (such as heat) or mass, and its entropy is constant. 

Á Near equilibrium, the properties of a small region of the system are continuous 
functions: they never change much over short distances, which happens when the 
forces acting on it are weak enough. 
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Near thermodynamic equilibrium, a system always evolves toward greater entropy and 
lesser organization; therefore, time flows in one direction only, an "arrow" from present 
to future. Perhaps this arrow results from the one-way expansion of the Universe, which 
affects all its points. 
 
However, a system whose global state is far from equilibrium may comprise areas of 
local equilibrium where the second law of thermodynamics applies. The evolution of 
such a system may cause the state of a given zone to transition from non-equilibrium to 
equilibrium or vice-versa; stable states are associated with local energy minimums, 
some with equilibrium and others with non-equilibrium [289]. Contrary to what many 
people believe, thermodynamics does not exclude evolutions from disorder to order in 
specific areas of a system. 

2.3.2.3 Entropy and living beings 

A living being in its environment is also a physical system subject to the thermodynamic 
law of increasing entropy. When it eats and transforms food into its living substance, this 
transformation increases the total entropy of the complete system that comprises the 
living being, the food and the environment. 
 
Since all microscopic states of a macroscopic system whose energy has a given value 
are equiprobable, the second law of thermodynamics states that the most probable final 
state of evolution of this complete system, when it undergoes a transformation, is the 
equilibrium state associated with maximum entropy, in other words maximum disorder. 

2.3.2.4 The spiritualists' objection and Prigogine's answer 

Living beings are structured following two types of order instead of randomness: 

Á Architectural order, respected for example when the being's genetic code 
determines a precise arrangement of its molecules, such as the one that enables 
the specialization of enzymes; 

Á Functional order, respected for example when the metabolism of cells coordinates 
thousands of chemical reactions. 

 
Some spiritualists affirm that these two types of order are incompatible with the second 
law of thermodynamics and the evolution toward increased disorder it implies. They 
think, "If materialism is right, then inert, disorganized matter such as food is transformed 
into complex living beings that are highly organized, which contradicts the second law; 
therefore, materialism is wrong." 
 
Enunciated in that form, the objection is not valid. Inert food does not transform by itself 
into a complex living being, it undergoes transformation within a system that also 
comprises the living being and its environment. In that system, the complexity created in 
the living being (for example when its weight increases) is compensated for by a 
disorganization of its environment, and the entropy of the complete system increases as 
it should. 
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The evolution of species following Prigogine's theory ï Strange attractors 

However, to find the underlying cause of this complexity increase, materialism must 
explain how ï in the absence of external or divine intervention ï unorganized inert 
matter can transform itself into highly organized living matter. It must also explain how 
life appeared in the Universe. 
 
The explanation was provided by the Belgian 1977 Nobel Prize in chemistry Ilya 
Prigogine. In his work on the thermodynamics of irreversible processes based on chaos 
theory, he showed that biological structures are always in a non-equilibrium state that 
requires constant dissipation of energy and matter, which is why they are called 
"dissipative structures." He writes in [26] 

"Life appeared because of a succession of instabilities. It is the necessity arising 
from the physicochemical nature of the system and the constraints imposed on it by 
the environment that determines the system's instability threshold. And it is chance 
that decides which fluctuation will be amplified after the system reaches this 
threshold, and toward which structure, which type of functioning among all those 
that the environmental constraints make possible, it evolves." 

 
Near the equilibrium state of the dissipative system that evolves while exchanging work, 
heat and matter with its exterior, all fluctuations disappear as soon as they appear: this 
is the state of stability corresponding to the equilibrium. However, in the nonlinear 
region, far from equilibrium, some fluctuations may be amplified near an initial critical 
state, disrupt the macroscopic state and destabilize it. The system's evolution then 
branches toward a new stable state. This state may be more stable than the previous, 
whence an increase of complexity. The initial state, now unstable, may then be 
eliminated. The new stable state is called a "strange attractor" in chaos theory. 
 
Prigogine also showed that external perturbations of the system could produce the same 
effect, while still not contradicting the second law of thermodynamics. Therefore, self-
organization of a physical system may occur when it is in a state far from its equilibrium 
without any supernatural intervention. The role of chance in the appearance of life is 
very much restricted: it is a mere choice between various possibilities of evolution. More 
on this subject in the following paragraphs: 

Á "The decrease of entropy - Dissipative structures - Self-organization"; 

Á "Life, organization, complexity and entropy". 

Conclusion 

Spiritualists who invoke the second law of thermodynamics to oppose the materialistic 
explanation of life's appearance and evolution simply contradict proven scientific facts. 

2.3.2.5 The spiritualist scientists who listen to their intuition rather than to reason 

A number of scientists have remained spiritualists to this day. They pretend to admit the 
effect of chance then negate it immediately afterward, replacing it with a "law of 
evolution" which exists only in their intuition. In particular, they ignore Prigogine's 
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mathematical explanation of evolution by amplified random fluctuations. An example of 
the irrational nature of their position due to their overwhelming intuition is in [M6]. 
 
Their error consists in attributing to a divine plan a succession of events they cannot 
explain, or whose explanation is unacceptable to their faith. Conjecturing a law to 
explain or link facts is a scientific approach; attributing the law to God without proof is 
not. 

2.3.3 The creationism versus evolutionism controversy 

2.3.3.1 Darwin and the role of chance in evolution 

Charles Darwin published in 1859 the first edition of his book "The origin of species by 
means of natural selection, or the preservation of favoured races in the struggle for life" 
[42]. He showed that: 

Á The evolution of species is a result of random mutations. We know today that most 
of those mutations result from random defects that occur at gene level in the 
heredity transmission mechanisms; 

Á When a new species appears, natural selection retains only the individuals best 
adapted to environmental living conditions, and favors the reproduction of some 
individuals more than the reproduction of others. 

 
His theory, evolutionism, is confirmed by countless examples and considered seminal 
and irreplaceable today. Evolutionism explains the evolution of species without any 
divine finalism; it is therefore a major argument in favor of materialism and against 
spiritualism. Evolutionism proves the competing theory, creationism, false and therefore 
useless. (Creationism states that life was created by God, and that each species was 
created by Him as we see it today; it negates evolutionism because God's work being 
necessarily perfect, a species He created does not need improving.) 
 
For a believer who considers the Bible holy, doubting the validity of creationism implies 
doubting God's words, a sacrilege attitude. In its first book, Genesis, the Bible relates 
how God created the world and its creatures [M5]. Contradicting the Bible was, in 
Darwin's time, inconceivable for all believers; and it still is in countries where there is no 
separation between State and Religion, and in some American states where many 
citizens demand that creationism be taught as the only acceptable theory, or as an 
alternative theory to evolutionism [244]. (Since evolutionism's scientific arguments 
contradict creationism, it is difficult for teachers to explain that a choice between those 
mutually exclusive theories is possible!) 
 
Evolutionism faced very strong opposition and even rejection in Darwin's time and a few 
scientists still reject it today. In their efforts to disprove evolutionism, creationists found a 
small flaw in Darwin's texts: random mutations do not result in small, progressive 
evolutions, as Darwin believed, but often create species with major differences. That is 
why the paleontologist quoted in [M6] is jubilant when she writes: 
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"As regards evolution, it is easy to see when deterministic chaos ï which is very 
frequent ï occurs. For example, it is when the Neanderthal man appears. That 
happened about 120,000 years ago. Suddenly, a completely unpredictable being 
appears in Europe. The base of his skull stretches out, instead of prolonging and 
accentuating the face-skull bending of his hominoid and archaic predecessors. The 
contraction slows down, which should logically slow down the development of the 
brain. On the contrary, his brain grows larger, which causes his face to move toward 
the front and his adult forehead to subside. In parallel, the flow of blood to the brain 
decreases. He has a huge tongue and probably shouts very loud, which enables 
him to communicate over long distances, but the Neanderthal man is probably 
unable to articulate clear words. In short, all correlations between the tissues break 
down; chaos has come into play. The Neanderthal man will disappear without 
descendants and without leaving the structural plan of archaic men." 

This evolution appears on a graph summarizing recent research published by The 
New York Times of 11/16/2006. 

 
The paleontologist contradicts Darwin by showing, with this example, that the evolution 
of species is not a continuous process; its mutations are important leaps. We have seen 
that these leaps are explained today by Prigogine's theory of dissipative structures, 
which predicts self-organization toward strange attractors due to the random selection of 
converging mutations. This self-organization has been interpreted as an argument in 
favor of a divine finality by the spiritualists. This interpretation relates successive 
evolution stages by assigning a name to their succession, then attributing it to God. We 
have seen that interpreting evolution by trying to fit a law to observations is a scientific 
attitude, but attributing the law to God without proof ï so that there is no need to explain 
it - is not. 
 
For further details: 

Á On the deterministic nature of the phenomena of living beings, see below; 

Á On the random defects that occur at gene level in the heredity transmission 
mechanisms and are responsible for the evolution of species, click here. 

2.3.3.2 Arguments of spiritualist scientists 

The example in [M6] shows that some scientists are spiritualists. They are a minority, 
but they exist and militate for their beliefs. Here are two examples of a spiritualist attitude 
toward science. 

2.3.3.2.1 Modern science must be rejected because it is not realistic 

Spiritualism opposes scientific knowledge that leads to materialism because it does not 
explain phenomena using a revelation or finality, thus ignoring God's existence. Some 
spiritualists try to discredit science by accusing it of cultivating abstract theories that bear 
no relation with reality. 
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Discrediting science, especially its mathematical tools 

For instance, some spiritualists criticize quantum physics for replacing an explanation of 
physical phenomena understandable because it is based on our senses by abstract 
mathematical models that enable predicting a system's evolution, such as the 
Schrödinger equation (the fundamental equation of quantum mechanics). 
 
This critique is childish: why should man's senses enable him to perceive all physical 
phenomena? Our eyes cannot see X rays, for example, and our ears cannot hear 
ultrasounds; yet we have ample proof that these phenomena exist. Our brain cannot 
represent in its mind an object with more than 3 dimensions, yet such objects are 
indispensable in four-dimensional relativist space-time and the Calabi-Yau spaces of 
string theory that have 10 space-time dimensions. In fact, even universally accepted 
theories such as Newton's dynamics use differential equations to describe and predict 
motion, so why not accept other differential equations such as Schrödinger? 
 
Our mind always uses only abstractions to represent and understand reality, so why 
reject the conceptual tools provided by mathematical models? Our mind needs abstract 
conceptual tools in order to understand reality. It needs space and time for example, 
which are in fact tools that one cannot touch, or see, or smell, or taste, or hear. Then 
there are concepts such as man's free will, which is also a tool required when thinking 
about his responsibility. If we accept the use of such tools in our thoughts, why not also 
accept modern mathematical tools? 
 
Not only do we need such abstract intellectual tools to understand the world, but we also 
need to question the validity of some perceptions that seem obvious. We shall see many 
examples of such apparent paradoxes in Part 3 of this text, where they justify the need 
to extend the definition of determinism. 
 
The spiritualist critique of modern science's use of abstractions that depart from our 
perceptions is childish. Without quantum mechanics, we could not manufacture such 
useful objects as PC's, DVD drives based on laser beams, transistors, etc. The 
predictions of quantum mechanics - in spite of being pure mathematics ï are fabulously 
accurate. Science brings about progress indispensable in everyday life, and the 
concepts and methods required for understanding the world and act on it, and even our 
methods of thought. Spiritualism brings nothing in those areas, for it is not based on 
rational thinking but on intuitions admitted without proof, or on revelations of religions. 

2.3.3.2.2 Modern science leads to spiritualism 

Some spiritualist physicists found analogies between the conclusions of modern physics 
and their own intuitions, or intuitions they found in the affirmations of mystics (individuals 
who communicate directly with God or spirits). Two examples: 

Á The Nobel Prize in physics Eugene P. Wigner considers man's consciousness the 
only ultimate reality, and attributes to it (in fact to the minds of the scientists who 
observe an experiment) the decoherence process that destroys the superposition of 
quantum states. His error is proven by the decoherence experiments carried out, for 
example, at Laboratoire Kastler Brossel (LKB) of Ecole Normale Supérieure in 
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France [M4]. Those experiments cause decoherence without any reference to an 
experimenters' mind or his consciousness; we will provide more details on that 
subject below; 

Á The physicist Fritjof Capra finds, in the laws of modern physics, a confirmation of 
Asian mysticisms such as Hinduism, Buddhism, and Taoism. His book is a 
collection of pseudo-scientific ravings [175]. 

 
All of these analogies are intuitions and inductions of their authors, unprovable beliefs 
they try to make us share by declaring them scientific, and by basing their personal 
credibility on the value of their scientific publications ï which do not prove those 
intuitions at all. 

2.3.3.2.3 Evolution may be real, but because God intended it! 

In the United States, a controversy rages between creationists who negate Darwinian 
evolutionism to defend their faith in God, and evolutionists who believe science's 
conclusions. The latest argument found by creationists in an effort to respond to the 
avalanche of ever more compelling scientific proofs of Darwinian evolution is the 
following: "Evolution is a fact, but it is God's way of creating His creatures and adapting 
them; and the mutations that ignorant evolutionists believe to be random are not at all, 
they are predicted by God and the effect of His finality." 

This argument is unfalsifiable [203] (it cannot be proven false); therefore, it is 
indisputable. Every observed situation may always be attributed to God because it is 
impossible to prove that He did not intervene. 

 
Some evolutionists responded to this argument with a sarcastic remark: "If God had to 
alter His work several times, over millions of years, to create well-adapted beings, where 
are His perfection, His infallibility and His almightiness?" 
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2.4 A comparison of materialism and spiritualism 

2.4.1 The concept of first (initial) cause is dangerous 

Á The German philosopher Kant showed in the 18th century that it is impossible to 
demonstrate with logic the existence or non-existence of God, the soul and other 
similar concepts (Part 1). More generally, it is impossible to deduce a physical 
existence (an existence verifiable by experiments) from an essence (a human 
abstraction). 

Therefore, attributing the initial cause of the world to a God supposed to exist really 
is illogical: if He exists, He is part of the Universe which He created, which He 
cannot be; If God is outside the Universe and precedes it - as the initial cause 
implies - His existence is unprovable with logic arguments built within the Universe. 

Á The German philosopher Nietzsche denounced the illusory nature of the concept of 
first cause: each time our knowledge makes progress and provides an explanation 
about the cause of a phenomenon, new questions arise about the cause of this 
cause, and this process is endless; therefore, we will never find the first cause [16]. 

Á The mathematician Gödel went further. His incompleteness theorems prove that in 
every axiomatic system that includes arithmetic there are undecidable propositions 
(propositions that cannot be proven true or false); worse still, it is even impossible, 
within a given axiomatic system, to prove that its axioms are coherent (non-
contradictory). [6] 

Conclusions: 

¶ Within a given axiomatic system there are propositions, some true and some 
false, whose truth value is unprovable using logical deductions; 

¶ Reality must always be described based on unprovable truths accepted as 
axioms and constituting an artificial initial cause. That vindicates Nietzsche's 
assertion. 

 
The concept of first cause is one of humanity's oldest inventions [16]. Man imagined it 
because not knowing the origin of everything is agonizing. When a man does not know 
an answer he needs badly, he tends to imagine one. The success of revealed religions 
is due, in part, to the fact that they provide responses to essential questions such as 
"How was the world created?"; "What is right and what is wrong?"; "What happens after 
death?", etc. 
 
We will come back to the issue of the first cause later. 

2.4.2 A concept of useful reality is necessary 

A mathematician knows that infinity is not a number, and that it cannot be reached: 
whenever a very large number is quoted, one can quote one larger still, and this can go 
on forever. 
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However, a physicist also knows that a limit may be approached so close that the 
difference no longer matters. Consider the number N = 1.999999é that has as many 
digits 9 as one wishes. No matter how many decimal digits N has, it is not equal to 2. 
However, it may be as close to 2 as necessary, closer than any given constant number. 
In practice, the difference between N and 2 has no physical importance. 

2.4.2.1 Convergence of scientific knowledge ï Example: planetary motion 

The same is true for scientific knowledge: it will never cover all of reality; but in many 
areas, it may come so close, using successive approximations, that the difference will be 
immaterial. An example is the progress of astronomy in the area of planetary motion. 

Á In the 2nd century AD, the Egyptian astronomer Ptolemy described the trajectories of 
the planets, the Sun and the Moon, as circling the Earth. Their irregular apparent 
motions were supposed to be due to a combination of uniform circular motions 
making up epicycles. His theory was accurate enough to predict the position of 
these celestial bodies tens of years ahead of time with a precision of a few degrees. 

Á In the 16th century, the Danish astronomer Tycho Brahe noticed that the positions 
predicted by Ptolemy had become inaccurate, after 14 centuries. He measured the 
actual positions in his time with an as yet unheard-of accuracy. These measures led 
him to propose a model where the planets circle the Sun, which circles the Earth, 
which remains motionless. 

The high precision measures of Tycho Brahe were the foundation of 

¶ The calculations of Johannes Kepler, who discovered empirically the 3 laws of 
planetary motion we still use today; 

¶ The theories of gravitation and dynamics of Isaac Newton, who proved the 
exactness of the Kepler laws, deriving them from his own fundamental laws of 
dynamics. 

Á In the 19th century, extremely precise measures proved that the axis of the elliptic 
trajectory of the planet Mercury rotated slowly, a precession movement that was 
incompatible with Kepler's laws and Newton's dynamics. The difference (43 arc 
seconds per century!) was explained in 1915 by Einstein's General Relativity theory. 

Á Nowadays, we can predict the motion of an asteroid with an accuracy limited only by 
a chaos phenomenon which defies calculations: the perturbations due to the 
motions of the planets ï first and foremost the huge Jupiter, perturbations which 
make predictions impossible to calculate more than a few million years ahead of 
time, and sometimes less. 

The motion of the Earth itself is unpredictable more than a hundred million years or 
so ahead of time. The inclination of its axis of rotation wobbles chaotically in the 
vicinity of a cone with a period of about 26,000 years; it is caused by the 
gravitational influence of the Moon and the Sun on the Earth's equatorial bulge, and 
by the attraction of other planets. Fortunately, the Moon's weight and inertia are so 
considerable that the Earth's axis was stabilized enough for climate stability to be 
compatible with the appearance and development of life. (Details) 
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This example shows that - without achieving a complete knowledge of reality - human 
science can achieve, in some areas, enough accuracy for the difference with perfect 
knowledge to be negligible. 
 
Therefore, the quest for perfect knowledge may be replaced with a sufficient modeling of 
reality that may be called "useful reality". We will elaborate on this concept when we 
present the notion of convergence, and in the important remark [219]. 
 
The concept of useful reality is coherent with the need for an axiomatic reasoning basis 
discussed in [67]. 

2.4.3 Objectivity and subjectivity 

Materialism uses a scientific approach to find objective realities, such that all men can 
agree on them based on shared observations and logical reasoning. 
 
Spiritualism holds true abstractions that originate either in a religious revelation that 
must be believed without proof, or in the intuition of an individual who tries to persuade 
others; this intuition is not based on more arguments or different arguments than the 
religious revelation. 
 
The first difference between these two doctrines appeared from the start, it is rigor: 

Á Materialism is based on concepts and thinking methods that are rigorous and 
scientific, in particular determinism; 

Á Spiritualism is based on vague concepts and beliefs acquired by intuition. 
 
The second difference between these two doctrines is the manner in which their 
supporters attempt to persuade other people to share their views: 

Á Materialism uses science and reason, which objectivity make independent of a 
given man's opinions. All knowledge acquired in this manner is considered true and 
verifiable, and remains true until a more elaborate knowledge replaces it or makes it 
more accurate; 

Á Spiritualism uses a revelation or an intuition, declared a priori true and superior to 
any scientific argument. Its truths are considered correct by those who believe in 
them, and remain true until a new religious belief or another intuition replaces them. 

 
The third difference is psychological: 

Á Materialism and science leave many phenomena and events unexplained, which is 
disturbing for many people. The greater a man's lack of education, the more 
disturbed he feels when he does not understand a phenomenon or cannot predict 
its outcome. 

That anxiety decreases when the richness of the man's vocabulary increases. When 
a man knows more words, he has more concepts and reasoning tools, and knows 
more facts and theories on which to base an understanding of the present and a 
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prediction of the future. It is a known fact that religious faith and superstitions are 
more frequent in less advanced societies (such as the animists of Haiti who practice 
voodooism) than it is in more advanced societies such as France. In a given society, 
highly educated people, especially those with a scientific education, are more 
frequently materialists than people with a more modest education. 

Á Spiritualism brings peace of mind. Revealed religion brings ready-to-use answers to 
such issues as: 

¶ What will happen after I die? 

¶ Injustice in this life: God rewards goodness and punishes wickedness in this life 
or the next. 

¶ Frustration due to inequalities of fortune, health, reputation, etc.: all men are 
equal in front of God, who judges them based on their deeds, not their social 
status. 

Spiritualism also answers many questions due to ignorance: when a man does not 
understand something or suffers from something, he can attribute it to Providence, 
or to a divine finality. This replaces "I am unlucky" and a sense of guilt with the 
responsibility of supernatural forces. With spiritualism, some men can also dispense 
with the effort of seeking a scientific truth and calling themselves into question when 
they find it. 

 
In fact, spiritualism and religion originate in the same psychological trait: when an 
answer is missing or disturbing, an easy solution is imagining a satisfactory one. The 
French philosopher Sartre even shows that man is often insincere and lies to himself. In 
addition, Sigmund Freud shows that the human mind is dominated by his unconscious, 
not his reason. (More on this in Part 3.) 
 
All men, including the greatest scientists, have biases and know truths they cannot 
admit. Einstein himself, in spite of his exceptional intelligence and intellectual honesty, 
wasted the last thirty years of his life looking for a non-probabilistic solution to the 
problem of the unified theory of fields. Such a solution does not exist, but Einstein was 
unable to admit ï because of a psychological inhibition ï that at the atomic scale reality 
is not deterministic in the traditional sense, that it can only be described in a probabilistic 
and non-separable form, as Niels Bohr was telling him; Einstein even exclaimed, "God 
does not play dice with the Universe". 

2.4.4 Why are so many intelligent people spiritualists? 

Most of my friends are at the same time intelligent, well educated and spiritualists. In 
their case, reason is dominated by intuition. Each is a spiritualist because in his mind 
spiritual intuition is so strong, so compelling, that it forces reason to believe its unproven 
intuitions and even to justify them. We shall see below that reason is never a value for 
the mind; it is a tool at the service of the values that dominate the mind at a given time. 
In short, my friends are spiritualists because they cannot refrain from being spiritualists, 
they do not even think about it. (See 2008 statistics on U.S. religious beliefs: 84% of 
Americans are believers [271].) 



76 
 

2.4.5 The limits of rational explanations - Materialism and ethic 

Kant explained very clearly that logic is limited, and that logical (scientific) reasoning 
may not be applied to all attempts to acquire knowledge [M3]. He also explained why 
ethic (the rules that govern life in a society) has no relationship with scientific reason and 
its objective truth. 
 
Therefore, materialism and ethic should not be opposed, and materialism should not be 
considered amoral or, worse, immoral. The book [5] explains why and how it is possible 
to be a materialist, honest and altruistic. 
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2.5 Materialism and spiritualism cannot be proven or disproven 

Philosophy postulates a principle of causality, which must be admitted without proof, like 
all principles. (A detailed critique is available below). Simply put, this principle states 
that: 

Á Every effect has a cause, and can therefore be explained; 

Á Every existing object has a reason for existing; it may not exist without having been 
created. 

 
If the causal principle is admitted, it is impossible to demonstrate that an observed 
phenomenon: 

Á Is not the result of some physical cause, so that it is the result of a supernatural or 
transcendent cause; not knowing a physical cause does not prove that it does not 
exist; 

Á Is the result of some physical cause, for it could be ï at least in part ï the result of a 
transcendent cause, the non-intervention of which can never be proved; 

Á Is not the result of some supernatural or transcendent cause, because the non-
intervention of such a cause can never be proved; 

Á Is the result of some transcendent cause, because the phenomenon could be due to 
an unknown physical cause. 

 
The consequence of these impossibilities to prove the origin of an observed 
phenomenon is that both materialism and spiritualism are unfalsifiable [203] doctrines 
(they cannot be proven false). Statements such as "Being a materialist is coherent" or 
"Being a spiritualist is coherent" are undecidable (there is no way to prove them true or 
to prove them false) [6]. 
 
Materialism and spiritualism are mutually exclusive doctrines, and each man must 
choose to which he adheres, unless he declares himself unable to choose, therefore 
unable to have a position on issues as important as man's free will or determinism. 
 
However, causality itself may be criticized, and so can determinism: see the paragraph 
"May causality be questioned?" below. 
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2.6 The Nietzschean critique 

The great German philosopher Nietzsche denounced man's non-acceptance of reality 
when it disturbs his preconceived ideas; Freud confirmed that propensity a few years 
later. 

Á When some men find life purposeless, when they do not know how it appeared, 
when they find it cruel or indifferent, they turn to a revealed religion. In Nietzsche's 
opinion, man invented God because he refuses reality; therefore, God is an idol 
created to bring purpose, perfection and justice artificially in a world that does not 
have any because it is indifferent to our values; believing in God is childish, pathetic, 
it is an evasion of reality. In short, Nietzsche considers believers nihilists, because 
they refuse reality and its absence of purpose. 

Á By extension, Nietzsche considers the idealism of philosophers of Enlightenment 
[47] such as Kant or Rousseau a childish refusal of reality, since those philosophers 
hoped that Reason and Science would bring humankind knowledge, happiness and 
the end of tyrannies. In Nietzsche's opinion, believing in such an ideal is also 
creating idols then believing in them, because the world is meaningless, it is a chaos 
that man will never understand and dominate. 

Nietzsche also considers nihilist Karl Marx's materialistic ideal, which replaces 
believers' faith in salvation by happiness here below, after communist society has 
replaced capitalist bourgeois society as a result of proletarian revolution. For 
Nietzsche, the materialistic ideal is as childish as the religious ideal, it is an idol 
created artificially for the purpose of worshipping it. 

 
In short, Nietzsche criticizes the belief of philosophers of Enlightenment and communism 
in ideals and values he considers fanciful, such as 

Á Human rights, Science, Reason, Democracy, Socialism, Equal Opportunities, etc. 
He accuses those philosophers to be unconfessed believers who simply replaced 
religious faith by new gods he calls idols, and who keep trying to invent a better 
world than the real one; 

Á Transcendent values (external and superior to our Universe's life). 
 
Nietzsche accuses those philosophers of judging and condemning life (nature) itself, 
instead of taking it as it is and helping humanity. He accuses them also of negating true 
reality in the name of false realities. His accusation is based on the 100% materialistic 
postulate that there is no transcendence, that every judgment is a symptom and an 
emanation of life, and therefore a part of life that cannot be external to life. 
Consequently, Nietzsche condemns all forms of idealism, considered nihilisms that 
childishly refuse reality and hope for a better world in the future. 
 
However, Nietzsche did not content himself with this pessimistic philosophy, this 
deconstruction of idealist philosophies that shows their childish and fruitless nature. He 
proposed to accept the present time even without understanding it, without seeing its 
purpose and without expecting hope. In his view, the triumph of Reason consists in 
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accepting what is, at the present time, without trying to find its final purpose, without 
nostalgia for the past (that will not return) or the future (that hasn't happened yet), i.e. 
doing without such non-realities. Wisdom even implies understanding and accepting 
present reality, an attitude Nietzsche calls "gay knowledge" (where gay means happy): 
see [48], which contains the famous quote "God is dead!" 
 
I observe that this acceptance of reality - even if it appears disturbing, purposeless, 
discomforting for the past and without promise for the future ï is in perfect agreement 
with the extended determinism I propose in this text. While I approve it, I propose to go 
beyond it; here is how. 

No idols, but ideals 

The idols Nietzsche condemns are, indeed, illusions that refuse reality; and any value 
judgment or decision of action based on such idols risks being erroneous. However, we 
shall see below that a man with even minimal imagination cannot refrain from having 
ideals; should we conclude that all human ideals are idols or illusions built to be adored? 

Á The ideals may be personal ideals, such as those of artists who dream of beauty 
and perfection, or those of a sportsman who dreams of going beyond his limits. 

Á The ideals may be altruist ideals, such as those of Doctors without borders 
(http://www.doctorswithoutborders.org/), or those of Nobel laureates Mother Teresa 
(http://nobelprize.org/nobel_prizes/peace/laureates/1979/teresa-bio.html) and Martin 
Luther King, Jr. 
(http://nobelprize.org/nobel_prizes/peace/laureates/1964/index.html). 

 
Every man with such an ideal is ready to surpass himself to make it happen, to risk his 
career, his health or even his life. With such an ideal that originates in everyday life and 
strives for an earthly objective, surpassing oneself is a form of transcendence, a 
vocation that ignores or even despises objections of reason. 
 
Such ideals arouse our approval and sometimes our admiration. In what respect do they 
differ from Nietzsche's idols? In what respect does an athlete who refuses the reality of 
his current performance and trains to improve it cherish illusions? In what respect is the 
ideal of Rev. Martin Luther King for equal rights different from Marx's communist equality 
ideal? A major progress often seems utopian as long as it has not been achieved. When 
Albert Einstein, an unknown 26 year old engineer, took on the vary bases of physics by 
refusing the contradictions of Newton's absolute space and time he replaced with 
Relativity [49], he did not create an idol, he destroyed one, Newton's unproven 
assumption. 
 
Being an abstraction, an idol is an a priori concept; it is an artificial truth admitted without 
proof and intended as a replacement of reality. It may become false if it asserts or 
predicts something that turns out to be wrong. Since God's existence or non-existence 
cannot be proven, Nietzsche considered religion an idol because its revelations require 
believing without proof concepts based on intuition, and imagined out of fear of reality. 

http://www.doctorswithoutborders.org/
http://nobelprize.org/nobel_prizes/peace/laureates/1979/teresa-bio.html
http://nobelprize.org/nobel_prizes/peace/laureates/1964/index.html
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His accusation is plausible, but it is no proof; calling a belief an idol is often a judgment 
without proof. 
 
If an idol is a hope, it is utopian because it considers possible something that is not. 
Marx's communism was ï and still is ï a utopia because it assumed that in the future 
men would be better than they ever were. A world without competition and with 
international solidarity are utopias for the time being, judging by the difficulty men have 
to agree on far more modest issues. 
 
But now imagine that astronomers detect an asteroid 60 km long, weighing three 
hundred thousand billion tons, due to collide with Earth 10 years from now at 
15 km/second, which would eradicate all or most living beings [199]. We can bet, then, 
that all countries will agree to work together on a project to deviate this moving space 
body: the utopia of international cooperation will have become reality. Also, consider the 
much greater probability that humanity must face a runaway greenhouse effect that will 
become catastrophic before the end of the 21st century; a utopian international 
agreement to strongly reduce the use of fossil fuels will then become a necessity 
recognized by everyone! 
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2.7 Materialism and determinism 

A materialist believes impossible a transcendent intervention in the evolution he 
observes between an initial situation (the cause) and a final situation (the consequence). 
He states that this evolution is necessarily deterministic if it is not due to chance. He 
postulates determinism because he postulates materialism, even if he must admit in 
some cases that he ignores the scientific explanation of the observed evolution. He is 
ready to call himself into question if he finds a better explanation than the current one. 
He also admits that chance may be a non-transcendent cause of a physical 
phenomenon. 
 
An in-depth study of determinism (such as the one that is the subject of Part 3 of this 
book) reveals consequences of this principle that surprise most people, especially 
philosophers. It encourages them to call into question their understanding of the 
deterministic chain of events between a cause and its consequences, and the method 
for deciding a course of action based on the current situation. 

2.7.1 Summary and conclusion about materialism 

Here is an excerpt of a text written by French philosopher Luc Ferry in pages 21-22 of 
[2]; I translate it below because it summarizes correctly the nature of materialism and 
what it implies, particularly as regards reductionism [179] and determinism. 
 

"About the real nature of materialism and its legitimate seductive power 

[é] materialism implies postulating that all events of the mind are both a product 
and a consequence of matter. Philosophical and religious ideas; moral, legal and 
political values; and the prominent aesthetic and cultural symbols bear no absolute 
truth or meaning. Quite the contrary, they are aspects of some physical facts and 
phenomena that are their actual conditions of appearance, even though such 
conditions may at times be complex and multifaceted. Therefore, there is no real, 
absolute independence of the world of ideas from physical matter, no real 
transcendence, but only an illusion of autonomy. Materialism constantly criticizes 
religion, of course, but also every philosophy that postulates a real transcendence of 
the truth of ideas or of moral and cultural values. 

In that precise sense, the main "philosophies of suspicion" that appeared so 
important in the 1960's, the philosophies of Marx, Nietzsche and Freud, are 
examples of contemporary materialism. They reduce values to their initial [lowest 
level] cause: economic infrastructure, the instincts and desires of life, the libido and 
the unconscious. Even when it takes into account the complexity of the factors that 
influence the production of ideas and values, materialism must admit its two 
fundamental characteristics: reductionism and determinism. 

Every kind of materialism is, eventually, a reductionism [é]. If by reductionism we 
mean the disappearance of specific characteristics to let only general characteristics 
appear, and the negation of all absolute autonomy of human phenomena, 
materialism could not be materialism without this reductionism [é]. 
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Whatever its form, every materialism is also a determinism in that it wants to show 
how the ideas and values we think we can freely decide about when we create 
them, or at lease choose some, are in fact imposed upon us by unconscious 
mechanisms that intellectuals should reveal. 

That is why materialism has such real seductive power. 

First, the materialistic approach is ï almost by definition ï based on suspicion and 
demystification; the materialist always pretends to know more than other people do, 
because he analyzes in such detail what he interprets as our naivety. 
Psychoanalysis, for example, is concerned with the psychology of the deep parts of 
our mind; it is supposed to decipher the most hidden thoughts, and delve into 
processes that ordinary people do not dare to get to grips with; it goes beyond 
appearances and symptoms, thus enabling a materialistic interpretation. 

In addition, materialism avoids preconceptions in order to start from facts, from the 
reality that determines all phenomena: Freud talks to us about sex, Nietzsche about 
instincts, and Marx about economic and social history. They talk to us about the 
subjects that really matter, that would not be approached otherwise, whereas 
spiritualism concerns itself with abstractions. It is true that, in most cases, reality is 
more interesting than philosophical vagueness." 

 
I personally prefer the materialist doctrine because, when I need to understand and 
predict I trust reason and objectivity more than intuition, which is unproven and so 
difficult for others to share. 
 
When I see the progress of humanity, I prefer to attribute its merit to man rather than to 
God. When I see all the poverty, the misfortunes and the injustice, I would rather hold 
man responsible than God. 
 
I readily admit that logical reasoning is not applicable to all the fields of thought; I do not 
see how I could justify logically my preference for Mozart's music to Honegger's. 
Moreover, as we shall see below, I do not justify the postulate of man's responsibility by 
some logical reasoning, but by the utilitarian necessity of life in a society, which does not 
prove this responsibility. 
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"1-20 - And God said, Let the waters bring forth abundantly the moving creature that 
hath life, and fowl that may fly above the earth in the open firmament of heaven. 

1-21 - And God created great whales, and every living creature that moveth, which 
the waters brought forth abundantly, after their kind, and every winged fowl after his 
kind: and God saw that it was good. 

1-22 - And God blessed them, saying, Be fruitful, and multiply, and fill the waters in 
the seas, and let fowl multiply in the earth. 
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http://www.gutenberg.org/dirs/etext03/cprrn10.txt
http://www.msu.edu/~marianaj/Critique.htm,or
http://www.gutenberg.org/etext/4280
http://www.gutenberg.org/dirs/etext04/ikcpr10.txt
http://prola.aps.org/abstract/PRL/v77/i24/p4887_1
http://www.raysworld.org/faith/bible/biblehtm.zip


84 
 

1-24 - And God said, Let the earth bring forth the living creature after his kind, cattle, 
and creeping thing, and beast of the earth after his kind: and it was so. 

1-25 - And God made the beast of the earth after his kind, and cattle after their kind, 
and every thing that creepeth upon the earth after his kind: and God saw that it was 
good. 

1-26 - And God said, Let us make man in our image, after our likeness: and let them 
have dominion over the fish of the sea, and over the fowl of the air, and over the 
cattle, and over all the earth, and over every creeping thing that creepeth upon the 
earth. 

1-27 - So God created man in his own image, in the image of God created he him; 
male and female created he them." 

 
[M6] The text below is a translated excerpt from the French text "La logique de 
lô®volution" ("The Logic of Evolution") 
http://www.nouvellescles.com/article.php3?id_article=508&var_recherche=Dambricourt 
by Anne Dambricourt-Malassé, a paleontologist from the French National Research 
Organization CNRS, and Secretary General of the Teilhard de Chardin Foundation 
(Teilhard de Chardin was a French Jesuit cleric, philosopher and paleontologist.) 

"Evolution, governed by pure chance from beginning to end, cannot by definition 
have any purpose or finality. Today's materialists, following the fashion of our times, 
believe that the affirmation that evolution produced rational thinking by a process 
other than chance is a kind of sacrilege. 

This materialistic preconception was recently upheld by the discovery of chaos 
theory, which pretends to explain how disorder can spontaneously create order and 
how, near the limit of instability, a system that exchanges energy can create forms 
of life that are totally new. That process is called 'creative chaos' or 'deterministic 
chaos'. Its base idea is that, by definition, the form that life will take ï like every 
system with long-term instability ï is unpredictable. Therefore, we humans have 
been unpredictable from the first day, and our appearance is meaningless. 

Well, the comparison of the ontogeny [78] of the cranial bones of all monkeys, small 
or large, archaic or contemporary, and of the Australopithecus, of Homo erectus, of 
Homo habilis, of Neanderthals, and of us exhibits a continuous process of 
compelling logic that spans 60 million years. Far from being chaotic, this process 
displays the founding role, throughout evolution, of what Teilhard de Chardin terms 
the 'law of complexity-consciousness'". 

Most paleontologists support the chaos theory. They use it to state that during the 4 
billion years of life's existence on this planet, the appearance of successive living 
species was completely unpredictable. They cannot conceive that the arrival of such 
or such family of living beings was predictable, particularly that of man. In their mind, 
our appearance is the accidental result of collisions of events that are completely 
independent, and the consequence of random genetic mutations that produced 
viable beings by pure coincidence. That theory supports a certain opinion about 
man's free will, of courseé 

http://www.nouvellescles.com/article.php3?id_article=508&var_recherche=Dambricourt


85 
 

My personal conclusions are the opposite, and support a very different opinion 
about man's free will. There is a logic that underlies all that randomness and that 
even results from it. There is something very stable, very persistent and stubborn 
that presided over evolution during all those years. Regardless of the motion of 
continental plates, climate crises, species appearances and disappearances, 
regardless of chaotic randomness due to unpredictable chance, the period that 
extends over 60 million years shows that the base of the skull of primates, monkeys, 
then hominids, archaic and modern men is becoming smaller and smaller following 
an unruffled explicit logic that enables predicting the formation of skull shapes." 

 
The reasoning of this scientist (whose belief in God and admiration for Teilhard de 
Chardin strengthen the spiritualism) contains the same mistake as teleology in general: 
since she can observe a link between various phenomena, and since that link cannot be 
explained except by randomness and chaos ï which, being a believer, she cannot 
accept - she attributes it to an external will, to a finality, to a divine determinism. 
 
She also accuses other scientists to be mentally unable to accept the fact that the 
evolution of species is predictable, in spite of the fact that no scientist ever - including 
today - has been able to predict the next stages of that evolution! Her intuition that there 
is a divine plan of evolution for living species is so overwhelming that she considers the 
logic of materialist scientists who abide by facts too rigid. 
 
The description of how the genetic mutations that produced evolution are governed by 
the convergence law of strange attractors was provided there. The explicit logic (divine 
determinism) this scientist sees exists only in her imagination; it is an illusion resulting 
from her willingness to see a spiritual order and finality preside over evolution.  
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Part 3 
 
 
 
 
 
 
 
 

3. Determinism Extended - 
a Contribution for Rational Thinking 

 
 
 
 
 
 
 

"éI can live with doubt and uncertainty and not knowing. I think it's 
much more interesting to live not knowing than to have answers which 
might be wrong. [é] 
 
I do not have to know an answer; I do not feel frightened by not knowing 
things, by being lost in a mysterious Universe without having any 
purpose, which is the way it really is so far as I can tell. It does not 
frighten me." 
 

Richard Feynman's views on knowing the answers to everything  
(BBC interview, 1981) [245] 

 
 
 

About the definition of extended determinism 

Usually, a definition describes the meaning of a word. Such a descriptive definition being 
too restrictive for extended determinism, I use below a constructive definition allowing an 
infinite extension of this notion deduced from properties of laws of the Universe. 
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3.1 Traditional determinism 

This expression designates both a scientific principle and a philosophical principle. Both 
principles are admitted without proof, because their practical consequences are 
confirmed by everyday experience, while their negation leads to incoherences. 
 
This text examines determinism to study: 

Á The consequences of a cause; 

Á The evolution of a system between an initial state and a final state at a later time; 

Á The possibility to predict the future. 
 
We will start with traditional scientific determinism. Then, after discovering limits and 
inadequacies, we will augment its definition to meet the requirements of modern 
science. 

3.1.1 Determinism as a scientific principle 

3.1.1.1 Definition of traditional scientific determinism 

In this text, I call traditional (or classical) determinism a scientific principle that governs 
the time evolution of a situation due to the natural laws of physics; this evolution is 
governed by a necessary and sufficient condition and a stability rule. According to this 
principle, an initial situation called cause inevitably brings about an evolution called 
consequence following the two rules below: 

Á Necessary and sufficient condition 

¶ Necessary condition: in the absence of the cause, the consequence does not 
happen. In addition, every observed situation or phenomenon was preceded by 
a cause, and nothing may exist without having been created. 

¶ Sufficient condition: if the cause exists, its consequence happens (it is certain). 
However, that consequence is an evolution phenomenon, not a final outcome. 

Example: I hold a rock in my hand; if I let it go, it falls. 

¶ Its fall is due to my act of letting it go, a necessary condition; 

¶ If I let it go it falls, a sufficient condition. 

This necessary and sufficient condition defines one of the principles of logic: the 
causal principle (also called principle of causality or causal postulate). 

¶ The necessary condition explains a consequence when one follows the flow of 
time backwards up to its cause. 

¶ The sufficient condition allows predicting a consequence when one follows the 
flow of time from its cause toward the future: the evolution is certainly initiated. 

However, the causal principle does not predict anything about the result of that 
evolution; it does not guarantee predictability, as we shall see. The sufficient 
condition only implies that the cause will initiate the corresponding evolution 
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law; but for some evolution laws it is impossible to predict the result before the 
end of the evolution, and/or measure it afterwards with arbitrary precision. 

Explaining (in the sense of causal understanding) and predicting justify the 
importance of determinism in rational thinking. 

Philosophical determinism described below applies in both directions: knowing the 
present situation enables knowing both its past and its future [200] (example). This 
necessary and sufficient condition had been enunciated by Spinoza a century and a 
half before Laplace [63]. 

The cause here is the efficient cause, not the final cause [39]. 

We shall provide more details about aspects of this principle such as the initial 
cause, the possibility to predict a cause before the intervention of the law that acts 
on it, etc. 

Á Stability rule 

The same cause always produces the same effect: the effect of a cause is 
reproducible. The physical laws consequences of a given cause are stable; they are 
the same everywhere and at all times. 

Consequently, a stable situation never evolved and never will; it is its own cause 
and its own consequence! Taking into account an evolution after time t requires 
changing the definition of the observed system. 

In fact, the flow of time can only be observed when something changes; if nothing 
changes, time seems to stop. 

3.1.1.1.1 Determinism, predictability and difference between science and magic 

Determinism helps understand situations and phenomena, and predict evolutions. A 
scientific theory predicts the consequences of a cause such as the values of variables or 
the law of evolution that applies to this cause. Scientific predictions must be verifiable 
experimentally; as a minimum, when experimental verification is impossible, a law must 
not be contradicted by known facts or consequences of its predictions. Experimental 
validations, falsifiability [203], and the absence of a counterexample and of theoretical 
proofs of falsity, are the conditions that distinguish a scientific theory from a magical, 
supernatural or fanciful explanation. 

3.1.1.1.2 Stochastic determinism 

With the above definition, determinism may be stochastic [31]. We shall see that some 
laws of physics produce probabilistic results (usually called stochastic), and these laws 
will be termed deterministic because they obey the causal principle in a stable manner. 

3.1.1.1.3 Determinism and absence of cause - Chance 

Traditional determinism excludes any phenomenon that does not follow a law, that is 
due to chance, therefore being unexplainable using causality, or whose reproduction 
given well-defined initial circumstances and/or a well-defined procedure is not certain. 
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If we suppose that a supernatural intervention is possible and that, being supernatural, it 
does not follow any law of our Universe and its occurrence and effect are unpredictable 
(therefore not reproducible), then this intervention is not deterministic. Determinism 
therefore excludes any phenomenon due to divine intervention or to some transcendent 
cause (a cause external to our Universe). In accordance with materialism, we postulate 
that in our Universe there are no transcendent interventions. 
 
A phenomenon for which we can prove that it does not result from a well-defined and 
reproducible process is non-deterministic. Such phenomena exist in the human mind as 
undecidable propositions [6], and more generally as the result of intuition and 
sagaciousness [66] [141]. 

3.1.1.1.4 Examples of deterministic phenomena and computability issues 

Á According to traditional determinism, throwing a dice is a random phenomenon, 
since its result is unpredictable. In fact, the result is not completely undetermined: 
the set of results, {1, 2, 3, 4, 5, 6} is always the same. 

The stability of the set of results has a consequence: within the scope of extended 
determinism we will define below, throwing a dice is considered a deterministic 
phenomenon, since it can be initiated as many times as one wishes and each time 
the resulting process is the same. In addition, its result is always an element of the 
same set: throwing a dice is governed by stochastic determinism. We shall see that 
in nature the result of a given evolution is not necessarily unique: it may be a set. 
Extended determinism only requires that the same cause always initiate the same 
phenomenon; the result of that phenomenon may have several elements simply 
because the equation that describes it has several solutions, a frequent situation. It 
is the choice of a single element of the result set which is random. We shall see 
more examples of result sets when we discuss quantum mechanics below. 

Á The result of an algorithm [69] processed by a computer is necessarily deterministic 

[114]. We shall see that the sequence of decimal digits of pi (p) presents no 
regularity whatsoever; it seems random [98] in spite of being produced by a 
computer's algorithm. This shows that an algorithm can generate sequences of 
random numbers in spite of its determinism (this conjecture is very likely true 
because no counterexample was ever found, but not formally proven). Software 
routines to generate sequences of random numbers are frequently used in 
computing and to design physics experiments. 

We shall see that an algorithm's computability requires determinism, but a computer 
model of a deterministic process does not necessarily result in a computable 
algorithm. (Details on computability: [114]) 

Á If, on a dark night, a man in despair jumps from a bridge into a river to drown, and 
another man he has not seen dives into the river and saves his life, the rescue was 
unpredictable. This is a determinism case when two independent causal chains 
meet, the chains of the two men. 
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3.1.1.2 Time-symmetry of traditional determinism 

3.1.1.2.1 Possibility of reversing the flow of time 

According to traditional determinism, time may flow from the present toward the future or 
from the present toward the past. This possibility, which amounts to replacing the 
variable t with ït in evolution equations, is compatible with some fundamental laws of 
physics such as 

Á Newtonian laws of motion [110] (see an example); 

Á Lagrange and Hamilton differential equations; 

Á Einstein's laws of Special and General Relativity; 

Á Maxwell equations [123]; 

Á Schrödinger equation, etc. 

3.1.1.2.2 The single causal chain of traditional determinism 

At any time, the state of a system has an infinite number of predecessors and an infinite 
number of successors that define a single causal chain, where each state has a single 
predecessor and a single successor [200]. The future after a given time t depends only 
on that time, and can be predicted at that time disregarding the past before t. 

3.1.1.3 Time symmetry and reversibility 

There is a difference between time symmetry (also called time reversal or reversal 
symmetry of motion), a property that leaves an evolution equation unchanged when 
variable t is replaced with ït; and physical reversibility, a property that returns the state 

of a system to its previous state as if no evolution had taken place, and lets a system 
evolve in one direction or in the opposite direction. 

Á Time symmetry is a property of functions and equations that leaves them invariant 
when the direction of time is reversed as if the film of events was viewed backwards, 
from present to past. 

Á Physical reversibility is a property of system evolutions or transformations such as a 
chemical reaction. When a reversible evolution changes direction, time continues to 
pass from present to future. 

3.1.1.3.1 Sample time symmetry 

The fundamental equation of dynamics, f = mg, relates a force f, a mass m and an 

acceleration g which is the second derivative of the position function x(t). Replacing 
variable t with ït changes the sign of velocity (the first derivative of position), and 
changes the sign of acceleration (the derivative of velocity) twice, thus leaving it and the 
initial equation unchanged (example). 

3.1.1.3.2 Sample reversible phenomenon 

Some chemistry reactions between two products A and B converge toward a state of 
equilibrium where A and B coexist in a given proportion. If a reaction creates too much 
of A and too little of B, it will reverse its direction and create some B at the expense of A 
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until the equilibrium proportion is reached. However, the flow of time will always be in the 
same direction, from present to future. 

Philosophical remark 

In [215] page 121, the French philosopher André Comte-Sponville quotes Aristotle's 
"Nichomachean Ethics": 

"There is only one thing that God himself cannot achieve: change something that 
happened so that it did not happen." 

The philosopher states that it is impossible to change the past, even if we wish it had 
been different from what it was. Even the present cannot be different from what it is (see 
the principle of identity [16]). However, reversibility does not change the past, it 
recreates the past without changing the direction of the flow of time. This is a 
deterministic possibility where the action of a reversible law of nature creates a future 
situation identical to a previous situation. 

3.1.1.3.3 Irreversible phenomenon 

When an evolution can happen in only one direction, it is called irreversible. An example 
is the radioactive decay of an atomic nucleus: after decay split a nucleus into several 
other particles sometimes also producing radiation, the nucleus cannot recompose itself 
to restore its initial state. 
 
An equation that describes the evolution of an irreversible phenomenon cannot be 
invariant when the direction of time is reversed, or have a validity domain where a 
change in the direction of time is conceivable. 
 
We shall see below that the second law of thermodynamics [25] makes phenomena 
such as radioactivity irreversible. Another example of irreversibility is the ageing of the 
human body, which happens irreversibly in spite of its cell repair and renewal 
mechanisms: an adult body has never been able to rejuvenate and be a child body 
again. 

Difference between reversibility and time symmetry 

Á Some phenomena are reversible, time continuing to pass from present to future, but 
a reversible phenomenon may change its direction of evolution, bringing a system's 
state back to its previous state. This happens, for example, in some chemistry 
reactions, and in the example below. 

Á Time symmetry (also called time-reversal invariance) is a property of an equation 
that remains invariant when its time variable t is replaced with -t. This type of 
invariance allows us to reconstruct the past in our mind by "viewing the film of 
events backwards". 

Traditional Laplacian determinism [200] asserts the mental possibility to view the 
film of events backwards, thus explaining the chain of events that led to the present 
situation. It states nothing about 
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¶ The possibility to change the direction of time, in order to cancel the present 
situation and return to a situation of the past; 

¶ The possibility of reversible phenomena. 
 
Physicists often use the term symmetry to designate invariance; do not let that confuse 
you. 

3.1.1.4 Local and global determinism 

Local determinism governs the evolution from an initial situation to a final situation due 
to a law's local action. However, determinism may also be global; it may 

Á Choose a law of evolution among several that are potentially applicable; we shall 
see examples below when we discuss the principle of least action of Maupertuis, the 
principle of fastest path of light of Fermat and quasicrystals; 

Á Group a number of variables, defining a global law of evolution that forbids knowing 
the evolution of one of the variables considered in isolation; we shall see that below 
when we discuss statistical determinism and, in quantum mechanics, 
complementary variables and entangled particles. 

 
We shall see below the origin of the multiple scales of determinism. 

3.1.1.4.1 The principle of least action of Maupertuis 

Since the causal chain of traditional determinism is unique, determinism acts step by 
step, each cause is followed by its consequence, which becomes the next cause, etc. 
But the principle of least action of Maupertuis [62] asserts that the trajectory of a body 
moving in a force field between two points A and B under the action of the force, may be 
chosen globally by nature among all possible trajectories. 

3.1.1.4.2 The Fermat principle of fastest path of light 

Another example of global determinism is provided by the Fermat principle [106]: 
between two points A and B, light always chooses the path that requires the least time to 
travel. This is an example of global determinism that has the following consequences: 

Á In ordinary (Euclidian, i.e. flat, non-curved) space, the shortest path is a straight line. 

Example: inside an elliptical mirror, the light of a source located at one of the focal 
points is focused at the other focal point after reflecting on the inside of the mirror, 
since all paths between the two focal points that reflect on the elliptic mirror have the 
same length, therefore also the same travel times. 

Á On a spherical surface such as Earth, the shortest path between points A and B is 
the shorter of the two great circle arcs that include A and B. 

Á When light travels from a medium with absolute refractive index n1 to a medium with 
absolute refractive index n2, refraction changes its direction according to Descartes' 
second law. 
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3.1.1.4.3 Quasicrystals 

Another example of global determinism is provided by quasicrystals, where it acts on 
atoms over distances that are considerable compared with the atomic scale. An 
"ordinary" crystal grows by adding atoms one by one at positions compatible with 
neighboring atoms, following simple patterns such as rotational symmetries that divide a 
circle into 2, 3, 4 or 6 arcs of equal size, the only patterns allowed by traditional theory 
[149]. 
 
Quasicrystals are a structure of matter discovered by chance in 1984; we know today 
over 100 varieties of quasicrystals. In a quasicrystal, the atomic structure displays a 
pattern that is regular over large distances, unlike ordinary crystals where regularity 
affects only nearby atoms; it also displays rotational symmetries forbidden by the theory 
that applies to ordinary crystals. Example: there are quasicrystals structured like an 
icosahedron, a regular solid with 20 faces that are equilateral triangles! [147] 
 
 

 

Icosahedron seen under three different angles 

 
 
Quasicrystals exhibit a behavior of nature due to quantum mechanical phenomena that 
act at large distances in a new state of matter. This exemplifies our point: determinism 
may govern global phenomena, taking into account many more elements and larger 
distances than local determinism. Quantum mechanics applies to large distances, in 
addition to atomic scale distances. 

3.1.1.4.4 Statistical determinism 

Some deterministic phenomena can only be described correctly by statistics about a 
population of particles, not by data about one individual particle. 

Á When atoms of a naturally radioactive element decay, it is possible to predict how 
many will decay during a unit of time, but not which individual atoms will decay. We 
will provide more details about radioactivity below. 

Á The motion of an individual molecule of a gas that has billions of billions of 
molecules in a container of a few cubic centimeters cannot be predicted due to 
uncertainties we shall describe. However, the behavior of the entire gas contents of 
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the container may be predicted quite accurately by statistical mechanics, in 
accordance with the laws of thermodynamics [25]. 

Á Another surprising example is the determinism that acts on a population of billions of 
molecules that oscillate in synchrony in a reversible chemical reaction. 

3.1.1.4.5 Conjugate variables 

Heisenberg's uncertainty principle groups some variables into couples such that a 
simultaneous measure of the two variables has a precision limited by a minimum global 
uncertainty. We shall see that this minimum uncertainty is the consequence of the 
existence of a quantum of action h and of the irreversibility of quantum physics 
measures. 

3.1.1.4.6 Conclusion about global determinism 

In some phenomena, determinism acts globally, as if it obeyed some purpose (finality). 
In those phenomena, situations intermediate between the beginning and the end of an 
evolution are determined only by the initial situation ("forgotten" in local determinism as 
soon as it has changed) and the final situation (which has not occurred yet!) 
 
As [62] shows, there is no real paradox: determinism simply has two levels of laws, one 
global and one local. When determinism chooses the global law, the local (step-by-step) 
law complements the global law, which remains valid. This dual behavior is no 
exception: we shall find another such behavior in quantum mechanics, where a particle 
is both a corpuscle and a wave. We shall explain the local or global nature of 
determinism in paragraph "Causality and predictability". 
 
The global behavior of a body's motion, discovered by Maupertuis in 1744 [62] after the 

local behavior F = mg published by Newton in 1687 [110], became an extension of 
Newton's laws of motion [103]. We shall describe other phenomena that require an 
extension of determinism, and apparent paradoxes such as the anthropic principle. 

3.1.1.5 Determinism, algorithms and computability 

In addition to phenomena governed by physical laws of nature, scientific determinism 
also applies to processes (called computable) whose result may be produced by an 
algorithm [69]. Such processes satisfy 

Á The necessary and sufficient condition above, if the cause also includes the 
existence of the algorithm and its data, and initiating the computation; 

Á The stability-reproducibility rule, if the algorithm is stable in time because there is no 
external interference with its logic and no self-programming. 

 
The practical interest of algorithms originates in their ability to model a physical process 
in fields as varied as physics, economics or population dynamics. An algorithmic model 
is useful to explain phenomena and to predict evolutions; it is deterministic. 
 
Whether a scientific reasoning is intended for understanding something or proving an 
assertion, it is always written as an algorithm. In addition, since an algorithm is 
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necessarily deterministic, a scientific reasoning is always deterministic too. However, we 
shall see below that there are cases where the existence of a number may be proven, 
but the number may not be computed; in that case, the proof of existence is a 
deterministic algorithm to which no value computing algorithm may be associated. 

3.1.1.5.1 Evolution laws described by differential equations and determinism 

Here is an example of a process whose evolution is computable. 

The motion of a body governed by the fundamental law of dynamics f = mg may be 
described by a differential equation: at any time t where the position in a coordinate 
system is represented by vector r, a body of mass m to which a force represented by 

vector f is applied, is subject to an acceleration g represented by vector r'' such that 
f = mr'', where r'' is the second time derivative of r. 

 
The description of motion by a differential equation has a deterministic interpretation: at 
any time t, the motion during the infinitely small time interval dt following t depends only 
on the conditions at that time, the force f(t) and the velocity v(t); the motion during dt 

may be calculated disregarding the motion's initial conditions and all evolutions before 
time t: velocities and positions at all times after t depend only of conditions at time t. The 
global motion after a given time t results from repeated application of the previous 
principle: the causal chain is continuous. The future depends only on the present, not on 
the past. 
 
In general, the existence of a law of evolution described by differential equations is 
associated with a deterministic phenomenon, whose future or past evolution may be 
computed step-by-step beginning at any time. 

3.1.1.5.2 Exclusions 

The physical laws of nature governed by traditional determinism exclude 

Á Chance (randomness), and all phenomena associated with a probability distribution; 

Á Indetermination, such as the possibility to arbitrarily choose one solution among the 
set of solutions of the equation(s) associated with a physical law. 

 
When the evolution of a process is computable, traditional determinism excludes 

Á Random functions, such as those which generate sequences of random numbers 

(example: algorithm that generates the successive decimal digits of p); 

Á Indeterminations (such as 0/0, ¤¤/ , etc., which are not computable), and the result 

of deterministic chaos where the precision of calculations can make the result too 
inaccurate or non-convergent; 

Á The algorithms [69] that implement fuzzy logic (which may lack rigor), or neural 
networks (that implement self-teaching, therefore self-programming). 

 
Below, we shall define successive extensions of the definition of determinism, which will 
then be termed extended instead of traditional. 
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3.1.2 Determinism as a philosophical principle 

According to this traditional philosophical doctrine, all the events of the Universe ï 
including human actions ï form a logical sequence as follows. Let S(t) be the situation 
(the state) of a system at time t; S(t-a) the situation at time t-a that precedes t; and 
S(t+b) the situation at time t+b that follows t. Then 

Á S(t-a) is the only situation at time t-a that preceded t and caused S(t); 

Á S(t+b) is the only situation at time t+b that results from S(t). 
 
Philosophical determinism is an interpretation of the causal principle we discussed 
above, defined by a necessary and sufficient condition. 
 
Scientific determinism derives from philosophical determinism by adding the stability 
constraint and suppressing the constraint that the causal chain is unique: an evolution 
may produce multiple results (as is the case for a dice throw). 
 
According to philosophical determinism (also known as Laplacian determinism [200]) 

Á The causal chain that links various successive situations is unique: for a given 
system that evolves, the flow of time defines a unique succession of events; there 
are no parallel processes, the causal chain is not interrupted [200]; 

Á The future of the present situation is defined in advance and predictable; 

Á The past of the present situation may be mentally reconstructed; 

Á When the situation at time t is undoubtedly S(t), determinism explains the chain of 
events after situation S(t-a) that led to S(t), and predicts that S(t+b) will occur at time 
t+b. 

 
According to philosophical determinism, the causal chain of events that explains S(t) will 
go back in time indefinitely; but according to some philosophers it will go back until it 
reaches an initial situation called first cause or initial cause [16]. 
 
See also Spinoza's definition of a free thing and a necessary (constrained) thing [225]. 

3.1.2.1 Deterministic reasoning 

Determinism is intended for understanding a situation and predicting an evolution. It 
uses deductions based on causal relations. Each causal relation associates an initial 
situation called "cause" and a deterministic law of evolution. A deterministic reasoning 
associates two elements to deduce a third. 

Á When we associate a known cause and a law of evolution (its consequence), we 
use determinism in the direction "from present towards the future". 

Á A cause is found knowing its observed consequence-situation and the law of 
evolution, if its applicability is certain; determinism is then used in the direction "from 
present towards the past". 
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A situation is considered explained by a cause if its occurrence may be deduced 
from a law and an initial situation. It is then a predictable consequence of that law 
acting on that situation, a deterministic consequence. That consequence is 
unavoidable, the law being universal and having no exception (see below the 
section "Uniformity of the laws of nature"). 

 
Knowing a situation, but not its cause or the law of evolution it resulted from, is not 
enough to explain it in a deterministic way; asserting then that the cause exists is only a 
justification for trying to find it. 
 
Knowing the current situation, but not its law of evolution is not enough to predict its 
future using determinism. One can then use imagination and intuition to enunciate 
evolution hypotheses, each of which must be verified 

Á As conforming to a known law, or at least as verifying a conjectured law to be 
proved as soon as possible; 

Á By the validity of its predictable consequence-situation; 

Á By the absence of contradictions of consequences of each predicted consequence-
situation with known truths. 

 
The use of hypotheses is normal and beneficial, provided that the reasoning 
manipulates only 

Á Representable concepts, as described in Part 1 of this text; 

Á Falsifiable hypotheses [203], following the recommendations of critical rationalism. 

3.1.2.1.1 A philosophical remark about reality and possibility 

In [215] page 147 we find the following remark 

"It is wrong to believe that possibility precedes reality and defines it. The opposite is 
true: nothing is possible except as a consequence of reality." 

Á In my opinion, this remark is first a rejection by André Comte-Sponville, a French 
materialist philosopher, of the spiritualist belief that essence precedes existence and 
defines what will become real and its future properties. 

For a materialist such as Sartre, there is no essence other than the one he defines 
in [15]: an object designed by man exists in his mind before being made; man's 
existence precedes the essence of his production, its blueprint or specification. 

For me - and as a consequence of the definitions resulting from the Universe's 
uniformity that I detail below - the only essence that determines future reality is the 
laws of nature, governed by extended determinism and applied to the present 
situation. There is no reason to suppose that these laws existed before the Big 
Bang that initiated the scientifically describable Universe, since such a supposition 
would be pure unfalsifiable, metaphysical speculation [203]. 

The explanation that enables understanding present reality knowing a past situation 
requires applying the deterministic laws of nature. However, this explanation is often 



98 
 

complex and counterintuitive, since it often comprises multiple solutions, it is 
plagued by randomness, and it is sometimes impossible to enunciate ï we shall see 
that below, and it will be another reason for extending determinism. 

Á This remark is about the future, not a speculation about what past possibility 
enabled the existence of the present situation. The future is determined by present 
reality: current situation and deterministic laws of evolution imposed by nature. 

Á Discussing the possibility of something certain, such as a past or present situation, 
is sterile speculation: see the principle of identity [16] and the anthropic principle. 

Calculating the probability of occurring of a situation that occurred (since it was 
supposed to be contingent) is pure valueless speculation when it is impossible to 
know all evolutions that might have happened, and all those that would have 
entailed it. Unfortunately, spiritualists who want to convince us of the validity of their 
finalist argument of God's existence do just that. 

 

The reality of the present or the past is neither probable nor contingent, 
it is certain. 

 

3.1.2.1.2 Determinism does not apply to human thinking 

The definition of philosophical determinism [200] obviously applies to the prediction of 
situations and evolutions of nature, not to human thinking; the same is true for causality 
and scientific determinism. We shall see below that in general human thinking is not 
deterministic. We shall also see that the human mind can formulate undecidable 
propositions [6] and have involuntary and inexplicable intuitions [141] [66]. We shall also 
see that productions of the mind such as algorithms [69] may have a course and a result 
that are unpredictable. Therefore, in general human thinking is unpredictable. 

3.1.2.2 Critique of the chaining of causes and consequences 

3.1.2.2.1 A given situation may be preceded or followed by several laws of evolution 

In general, at time t, it is impossible to know the situation S(t-a) at time t-a since the law 
of evolution that led to S(t) is not sufficiently certain, and several situations S1(t-a), 
S2(t-a), etc. may have been the single cause of S(t). Example: if after an arithmetic 
operation I know only that the result is 4, I do not know if the operation was 2 x 2 = 4, or 
3 + 1 = 4, oré 

The explanation and the prediction of situations S(t-a), S(t) and S(t+b) are external 
to the phenomena, they only describe their succession; the corresponding type of 
determinism may be called experimental. This type of determinism does not prove 
the necessity of a given phenomenon; it tells us nothing about its meaning or its 
internal nature; therefore, it is not sufficient to understand how and why a 
phenomenon occurred. 
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We shall see below several examples of situations (causes) where each may be 
followed by several different evolutions instead of one; this will be the case, for instance 

Á For corpuscle motions governed by the Schrödinger equation, particularly those that 
are linear combinations of many simultaneous motions; 

Á For simultaneous coherent evolutions followed by decoherence. 
 
Sometimes nature will choose one of the possible evolutions without letting us predict 
which one, and sometimes nature will retain all of them simultaneously! Consequences: 

Á The possibility of multiple evolutions following a given cause affects the causal 
principle: the consequence of a given cause may sometimes be a set of possible 
consequences, from which nature selects only one consequence for the evolution 
that follows the cause, or from which it selects all consequences simultaneously! 

This is not surprising, since the two wordings below are equivalent 

¶ A given cause has a single consequence (evolution) that may yield a set of 
results; 

¶ A given cause has a set of consequences, each of which yields a single result. 

Á The possibility of multiple consequences contradicts philosophical determinism; and 
since the existence of a single counterexample suffices to conclude that a proposed 
law is erroneous, philosophical determinism is disproved. 

3.1.2.2.2 Irreversible transformations 

Real physical transformations are irreversible; only ideal, theoretical transformations are 
reversible and let a system evolve in both directions. More on this subject below. 
 
The existence of irreversible transformations contradicts philosophical determinism, 
because in their case it is impossible to imagine time flowing in the opposite direction, 
and to know at what time and from which situation the transformation occurred. 
Example: when an atom of a radioactive element decays spontaneously, its decay 
products (one or several atoms and photons) cannot merge to reconstruct the initial 
atom, because such a merger would contradict the second law of thermodynamics; in 
addition, after finding the decay products of an atom we cannot know which atom they 
came from and at what time decay occurred. 
 
We shall now see another case of irreversible transformation, measures in quantum 
physics. 

3.1.2.3 Determinism, measures and objectivity 

In the field of quantum physics, every measure alters the quantum state of its object, 
and a reversible measure that leaves its object unaltered is inconceivable. Unlike the 
usual practice in macroscopic physics, in quantum physics the interpretation of an 
experiment that includes a measure cannot be independent of the experimental setup. 
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From the necessary dependence of an experimental result on the experiment's setup, 
some philosophers conclude that this result cannot be objective, since it depends on the 
human experimenter. That conclusion is erroneous: dependence on a physical setup 
does not imply dependence on the experimenter, and no counterexample has ever been 
found: in the field of physics, both macroscopic and atomic, an experimental result does 
not change with the experimenter; experimenting is deterministic and its results are 
objective. 
 
The error of those philosophers may originate in their spiritualism: perhaps they try to 
prove the existence of an abstract idea that governs every physical reality, in order to 
negate that reality or to interpret it as a production of a human or divine mind. From their 
erroneous conclusion that the experimenter's intervention interferes with the result, they 
deduce that objective reality does not exist, since it appears only through the 
experimenter! An example of such an error due to spiritualism is provided below. 

3.1.2.4 Determinism and man's free will 

A man who believes in determinism and whose thoughts are coherent cannot believe in 
free will, since at each moment each one of his thoughts and acts depend on the context 
at that time. If he does evil, a man is not responsible, since his thoughts and acts are 
consequences of circumstances beyond his control; and he cannot claim credit for a 
good deed for the same reason. In spite of his mind that believes he is free, a man is like 
a machine, an automaton enslaved to the physical context. Therefore, determinism is a 
materialistic doctrine. 
 
The argument of man's lack of free will is rejected by many philosophers, who refuse to 
admit that man is a kind of machine, that his life and mind are phenomena governed by 
nature's physical determinism. It is also rejected by atheist materialists such as the 
French philosopher André Comte-Sponville. 
 
We will discuss the subject of man's liberty and free will in more detail below. 

3.1.3 Sample physical law that is both time-symmetrical and reversible 

The following example of traditional determinism that is both time-symmetrical and 
reversible is based on Newton's laws of gravitation and motion [103] [110]. 
 
Consider the fundamental equation of dynamics f = mr'', where the acceleration vector 
r'' is the second order time derivative of the position vector r. If we change the direction 

of time (replacing t with ït in order to "view the film of events backwards" or "substitute 
the past to the future"), the sign of the velocity vector - time derivative r'(t) of the motion 
function r(t) - changes also, and the sign of the acceleration, time derivative r''(t) of r'(t) 
changes again, for the second time: the initial equation is unchanged. It is called time-
symmetrical or invariant; it does not vary when time is reversed. 
 
Time-symmetry changes the sign of velocities, but not the sign of accelerations; and it 
does not change the size (the absolute values) of the displacements, the velocities or 
the accelerations. 
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Example 

The physical interpretation of this invariance appears in the following example. Consider 
an astronaut on the Moon, where there is no atmosphere. At time t = 0 he throws a rock 
upwards from the ground in a direction at a 45° angle with the horizontal ground, with a 
velocity vector that has horizontal and vertical components both equal to 2m/s. The 
rock's trajectory is a parabola with vertical axis and equations 

x = 2t     (1) 
y = -½gt² + 2t 

 
where g is the acceleration of gravity on the Moon's surface, g = 1.635 m/s² (one sixth of 
Earth gravity). At time t = 1.22s, the rock reaches its maximum height. At time t = 2s, its 
coordinates are x = 4m; y = 0.73m, and the vertical component of its velocity is -1.27m/s. 
 
Now suppose that at time t = 2s the rock is thrown back upwards with a velocity vector 
opposite of the one it had on arrival, a horizontal velocity of -2m/s and a vertical velocity 
of +1.27m/s. If we now choose a new origin of time t = 0 when the rock is thrown back, 
the rock's trajectory will be a parabola with vertical axis and equations 

x = -2t + 4    (2) 
y = -½gt² + 1.27t + 0.73 

 
This new parabola has the same coefficient -½g of term t² as the first parabola, since the 
vertical motion function y(t) has the same second order time derivative, as we predicted. 
At time t = 2 after it was thrown back, the rock reaches the ground (x = y = 0). 
 
Eliminating t between equations (1) we find the trajectory equation 
 

y = (-1/8)gx² + x   (3) 
 
Now, eliminating t between equations (2) we find the trajectory equation 
 

y = (-1/8)gx² + x   (4) 
 
Trajectories (3) and (4) are identical. The rock's return path is exactly the same as its 
initial path, but in the opposite direction: we have a time-symmetry that lets us "view the 
film of events backwards". 
 
The rock's motion is artificially reversible, since it is possible ï while obeying the same 
fundamental law of dynamics ï to return to the initial state without changing the direction 
of time. This example illustrates both time-symmetry and reversibility. Traditional 
determinism predicts time-symmetry but asserts nothing about reversibility. 

3.1.4 Conclusions about traditional determinism 

Á Traditional determinism implies certainty about an evolution that links a cause and 
its consequences. The evolution conforms to laws of nature. 
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Á Traditional determinism negates unpredictability; according to traditional 
determinism, unpredictability may result either from a lack of knowledge about the 
phenomenon or from random behaviors of nature itself (examples below). 

It also negates the possibility for a cause to have several consequences, a 
possibility which would lead to an unpredictable result even if only one of the 
consequences is ultimately chosen by nature. 

Á Being a materialist principle, traditional determinism negates the existence of 
phenomena due to causes that are supernatural (transcendent), therefore external 
to our Universe and ignoring its physical laws. It refuses to envisage supernatural 
intervention in the occurrence or the course of events, as well as finality imposed on 
that course of events by a transcendent Spirit that dominates matter. 

 
In short, believing in determinism is a rational [210], scientific attitude. This attitude 
postulates the existence of an objective reality independent of any mind and of man's 
possibility to find it, which often requires a succession of approximations initiated by 
criticisms. This attitude is the opposite of believing in "truths" revealed without proof by a 
religion or a philosophy, truths that are in general also unfalsifiable [203]. Those truths 
claim to explain the world, and count on people's intuition or obedience to convince 
them, instead of counting on their reason and their factual, verifiable and objective 
knowledge. 

3.1.5 The purpose of this text and the efforts it implies 

This long text expects from readers more effort than taking the time to read it; it expects 
them to accept to call into question some of their knowledge and methods of thought. 
The primary objective is the knowledge of the most important deterministic phenomena, 
in order to understand them and use that understanding to decide actions. A secondary 
objective is to know the limits of our ability to understand facts and predict outcomes 
precisely. With luck, that knowledge will progressively be internalized to become a 
culture of openness, objectivity and intellectual honesty. 
 
Here are justifications of those readers' efforts and of the time spent writing this book. 

3.1.5.1 He who does not know must put up with situations without understanding 

A man evaluates emotionally each situation he faces, because he cannot prevent such 
evaluations and the corresponding affects. A lack of understanding produces, depending 
on the situation 

Á A feeling of frustration that may even become a feeling of injustice and revolt. 

In France for example, we know that many young people, who burn cars, break 
shop windows and aggress firefighters and nurses, misunderstand our society. Their 
vocabulary comprises only about 1000 words, less than the sign language of some 
well-trained monkeys. Since organized thought forms with words, they do not have 
the concepts required to understand what they see. So they feel excluded from 
society, and that causes their revolt; and since they do not know the words to 
express it, their violence is physical. 
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Á An impossibility to make a logical decision, or an obligation to decide without 
knowing, which implies an unevaluated risk. 

Á A loss of self-esteem of people who do not feel up to it, for example because they 
cannot find a job. 

 
A lack of understanding may also cause anxiety or even fear. Many people are afraid of 
individuals that exhibit a difference such as skin color, physical strength, rejection of 
some social conventions, a religion "that fosters terrorists", etc. 
 
The first cause of such fear is ignorance: any man is instinctively afraid of what he does 
not know, especially when that ignorance leads him to imagine worrying possibilities. 
Fear of another man often causes rejecting him, disrespecting him, refusing to talk with 
him, refusing to trust him or to hire him. Fear is a source of exclusion, xenophobia and 
racism. 
 
Most people who dread market economy and globalization ignore their mechanisms; this 
is the case, for example, with the majority of French. They do not know how much their 
standard of living benefited from market economy and globalization, which of their 
features cause them to be the best economic system, and which features require 
government regulation and control. They know little about capitalism, but they reject it 
out of fear. Some politicians, labor unionists and journalists take advantage of that 
ignorance to influence their opinions. 
 
Population surveys and in-depth research shows that the longer life expectancy of 
intellectuals (managers, professors, lawyers, etc.) compared with that of manual workers 
is not due to hard and tiresome work, as some unionists assert. It is due to a difference 
in education level: educated people know rules of healthy life better than uneducated 
people do; they follow those rules more carefully, which makes them healthier and 
longer living. 
 
Nowadays, he who does not know leads a shorter and less enjoyable life. 

3.1.5.2 He who understands can 

Á Feel satisfied to understand situations and participate as an actor, instead of being 
passive and obligated to accept any outcome whatsoever; 

Á Accumulate useful experience, expecting to have more and more knowledge and 
wisdom as time passes; and knowledge means power to act; 

Á Make the best possible decisions, therefore feeling satisfied (knowing is 
indispensable for satisfaction). 
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3.1.5.3 A few learning tips 

We shall see below that man has two types of memory: 

Á Short-term memory that can remember between 5 and 9 information elements such 
as numbers, words, sentences, shapes, etc. during the short time the mind requires 
to use them for thinking [287]; 

Á Long-term memory that can remember a huge number of information elements for a 
very long time. The brain retrieves such elements a few at a time and transfers them 
into short-term memory to use them. 

 
Learning is memorizing 

Á Information in long-term memory; 

Á Methods for manipulating information that constitute knowhow, based in part on 
automatic mental procedures specially intended for specific types of information and 
issues. 

 
Knowledge is useless if one does not know how to use it. In Muslim countries such as 
Turkey where the local language is not Arabic, and where children learn to recite 
Koranic text in Arabic they learned by heart without understanding its meaning, that 
learning is useless; it trains children to behave like parrots that repeat sounds they do 
not understand and cannot use purposefully. 
 
Knowhow cannot be separated from knowledge. In France, the official doctrine for 
teaching children is that they should prioritize knowhow learning over knowledge, which 
is considered valueless. All teachers are trained to believe and teach that factual 
knowledge is not much use nowadays because it can be found easily when needed, so 
that the most useful knowhow is the art of finding information. 
 
That is erroneous thinking, since knowhow cannot be acquired without applying it to 
knowledge, and knowledge without usage methods is useless. Not surprisingly, in the 20 
years since this training was implemented and enforced as the only authorized way of 
teaching youngsters, the results achieved by French teenagers in standard international 
tests have declined considerably. 
 
The greatest chess players, the international masters, cannot calculate many moves 
ahead. In tests to compare the skills of novices and of grand masters, pieces where 
placed randomly on the chessboard, so situations did not result from games played 
normally; grand masters analyzed those situations only slightly better and faster than 
novices did. The far greater skills of grand masters come from the number of remarkable 
configurations of a few pieces they can recognize automatically, in one second or two, 
because they have memorized them with all their possible outcomes: they know tens of 
thousands of such configurations. During a game, they immediately recognize existing 
situations, or situations that may be created by the next move or next two moves. 
Knowing ahead of time all possible outcomes of those situations, they simply choose 
from memory which move appears most promising. When asked how many moves 
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ahead he could plan in a given situation, the world chess champion Capablanca replied, 
"Only one, but it is the correct one". 
 
The great chess masters spent many years studying tens of thousands of remarkable 
configurations of pieces. In addition to memorizing those situations and their potential 
outcomes, they trained their mind to automatically perform the most frequent operations: 
recognizing situations, assessing their consequences, and memorizing them. With 
intensive training, those operations became automatic, instantaneous and faultless; their 
knowhow improved in parallel with their knowledge. 

Six to eight hours of daily training is also the necessary recipe for violinists who 
want to be professionals, and for soccer players who want to acquire fast and 
effective reflexes. In both cases, the brain builds automatic sequences based on 
memorized information. 

 
The short-term memory of a chess master is no better than a novice's memory; it is also 
limited to 9 elements. However, in a chess master's memory, each element is a 
configuration of several pieces with its potential outcomes, whereas in a novice's 
memory an element is a single piece with its allowed moves. The difference enables the 
chess master to play faster, with less effort and more chances of winning. 
 
A man's intelligence can analyze a situation all the better as his memory contains more 
situations that are similar and each one's evolution, together with the applicable 
reasoning methods. 
 
Research shows that learning a subject with many complex and precise logical rules, 
such as Latin, does not help a person learn better or faster another subject with complex 
rules, such as mathematics or computer programming. Therefore, the automatic mental 
mechanisms developed for Latin are not those required for mathematics or 
programming, essentially because the concepts of Latin are not the concepts of 
mathematics or programming. 
 
However, a man who, while learning Latin, acquires a taste for intellectual effort and who 
starts taking pleasure learning, learns to learn. He learns never to postpone the effort to 
understand a difficult point and learn how to resolve it. To achieve that, he observes 
himself and recognizes points that he does not know or misunderstands, to quickly and 
resolutely work on them. He also learns to be patient. Little by little, as he succeeds in 
reducing his ignorance, he acquires self-confidence and finds the required efforts less 
burdensome, and that self-confidence and willingness to work hard come in handy in 
other fields. While learning a subject, I always carefully identify the points I do not 
master, and immediately work on them to understand and memorize them. I then verify 
that I can explain them in a clear and structured way, and that I can pinpoint what new 
knowledge is brought about by each point, and what new applications it makes possible. 
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3.1.6 This text's limited ambition 

With the given definition of scientific determinism, a complete description of its action 
rules would comprise all the laws of physics, of living beings and of human society, in 
other words all the laws of the Universe. Let us consider some details of this issue. 

3.1.6.1.1 A text cannot contain a description of itself or a comparison to itself 

A complete description of the laws of the Universe, in a physical form such as a written 
text, would comprise some description of all of the objects in the Universe, since they 
are the subjects of its laws; therefore, it would comprise some description of itself, which 
is impossible since that description in turn would comprise another description of itself, 
etc. 
 
This impossibility constraint is quite general: no text may describe itself or compare itself 
to itself, for example to form an opinion about its truth. A description or an evaluation of 
something requires a reference to something else; no description or evaluation may be 
absolute (be its own reference). (Details: [220]) 
 
However, this impossibility does not apply to internal descriptions of the Universe. 

Example: a law of the Universe such as the fundamental law of dynamics F = mg relates 
three variables, all of which are defined in the Universe. A description of such a law is 
based on an axiomatic system [67] that is internal to the Universe. 

3.1.6.1.2 Scientific knowledge of the Universe is necessarily incomplete and based 
on postulates 

The impossibility of complete self-descriptions impacts our scientific knowledge of the 
Universe, which exists only as wordings (of laws, values of constants, etc.) written in 
languages based on axiomatic systems [67] whose axioms are supposed known, 
understood, and accepted without proof. 

These axioms cannot describe themselves or compare themselves with themselves; 
such descriptions or comparisons would require wordings using an axiomatic 
system external to the Universe - which is inconceivable for us, beings of this 
Universe ï or references to absolute truths (if such truths exist, a debate touched on 
in [220].) 

 
The set of texts based on axioms is therefore necessarily incomplete: scientific 
knowledge of the Universe can neither be complete, nor contain knowledge external to 
the Universe, nor compare scientific concepts of our Universe with concepts or truths 
external to the Universe or absolute such as God, His qualities and His powers. Since 
every scientific text must be written in a language based on axioms, this text assumes 
that the axioms of this language are known, understood without any description (in other 
words intuitively), and accepted. 
 
Every man has self-consciousness. He can describe himself and compare himself with 
others. He can compare his qualities to moral values. He can compare his possibilities to 
those of other living beings or the possibilities of machines. This shows us that man's 
consciousness can ignore rational thinking. His thinking is often subjective, unlike 
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scientific thinking, which is objective, and this makes man often unpredictable. In 
general, a man does not enunciate his conclusions in a falsifiable form [203], and does 
not submit them to others for refutation, as scientific approach requires. (Details: Karl 
Popper's critical rationalism) 

3.1.6.1.3 Limits of this text 

Since it cannot possibly be complete, this text limits itself to the description of some 
aspects, behaviors and consequences of determinism. Those aspects were chosen 
hoping to provide to the reader's rational thinking some openness to natural phenomena 
that are not sufficiently known or contradict his intuition, and to the corresponding mental 
representation models. The text also comprises some philosophical thoughts on the 
consequences of determinism on man's liberty, and a few suggestions. 
 
Describing determinism implies describing what is, not what should be. I touch on the 
moral aspect of determinism only as a parameter of human decisions, and I avoid 
moralizing. I do not argument in favor of fairness or solidarity, not even when I describe 
globalization from the point of view of determinism. 
 
 



108 
 

3.2 Extending determinism to suit physics 

We have seen above that the definition of traditional philosophical determinism lends 
itself to criticism because it contradicts some laws of natural evolution. This is the case, 
for example, for irreversibility in thermodynamics, radioactive decay and measures in 
quantum physics. We shall now see that the uniformity of the laws of nature compels us 
to alter the traditional definitions of determinism, in both its scientific and philosophical 
aspects, in order to extend them. Then, in order to describe evolution laws of nature, we 
shall need four simple notions: system, state, evolution and transformation. 

3.2.1 Uniformity of the laws of nature 

A quick refresher about postulates of materialism and reality 

In keeping with materialism, we also postulate that reality (the Universe) exists 
independently of human representations, and that man can understand the Universe by 
following a scientific approach. Determinism is a principle that governs ï whether the 
subject is reality or its mental representation ï the evolution of a situation (the cause) 
subject to laws of nature that draw its consequences. 

3.2.1.1 Properties of the laws of the Universe 

We know that nature, as described by physical laws, is uniform. This uniformity of the 
Universe has fundamental consequences we shall describe below, such as the 
conservation of momentum, of angular momentum, and of energy. Some characteristics 
of this uniformity are: 

Á Space is homogenous and isotropic: it has the same properties at every point and in 
all directions. 

The homogeneity and isotropy of the Universe at the time of the "Big Bang" were 
proven with an extreme precision by the discovery, in 1965, of the cosmic 
background radiation and its measure by the COBE (Cosmic Background Explorer) 
satellite and its successors [233]: the energy density of the primitive Universe was 
the same at all its points, but quantum fluctuations occurred and still occur today; 
they account for the existence of galaxies. Inflation theory explains the extreme 
homogeneity measured at astronomical scale, over distances of at least 100 million 
light-years. 

The Universe has fundamental constants, whose value is (and always was) the 
same everywhere and in all circumstances. Examples are: 

¶ The speed of light in a vacuum, c; 

¶ The electric charge of an electron, e, and its rest mass, me ; 

¶ Planck's constant, h; etc. 

Á The laws of physics are stable (invariant) when time passes. This property appears, 
for example, in astronomy: looking at a remote stellar object, for example at a 
distance of 1 billion light-years, shows the situation there one billion years ago; 
observations show that the physical laws that governed evolutions at that time were 
exactly the same as today. 
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Even when a law varies with time, there always is a stable law that describes or 
even explains the variation. Example: the radius of the Universe varies; this 
variation was noticed in 1927 when astronomers observed its expansion: the 
recession speed of distant galaxies increases with their distance, but remains the 
same in all directions; the radius of the Universe appeared to increase at a steady 
rate. Later, astronomers discovered that this rate of expansion varies too: the 
expansion speed accelerates. Finally, cosmologists discovered that at the very 
beginning of the Universe's existence, a very small fraction of a second after the Big 
Bang, its expansion speed was fabulously fast during a very short time, billions of 
times faster than the speed of light. 

(The expansion speed of space is not limited by the speed of light, c, since it does 
not displace matter or energy; its current evaluation is 1.8c - 1.8 times the speed of 
light.) 

See also the explanation of thermodynamic irreversibility by the expansion of the 
Universe. 

3.2.1.1.1 Consequence of the uniformity of the Universe: invariance in a 
displacement 

The homogeneity and isotropy of the Universe result in an invariance in a displacement 
(a succession of translations and rotations that does not warp objects or space). A 
displacement moves something relative to something else: it may move an object 
relative to the rest of the Universe (considered stable, including its reference frame), or 
move the reference frame relative to the Universe and its objects; in both cases, the 
displacement is a geometrical transformation. 
 
In a displacement, the homogeneity and isotropy of the Universe keeps the laws of 
classical physics (such as the Newtonian laws of motion [110]) invariant, which 
preserves the invariance of measurable quantities such as lengths, durations, angles, 
masses, etc. The action of a physical law on an object is the same regardless of its 
position and orientation. 
 
The invariance of physical laws has the following philosophical consequence: if a 
situation or an event A produces a situation or an event B as a consequence of a 
physical law; and if a displacement changes A to A' and B to B', then A' produces B' as a 
consequence of the same law. Therefore, it is possible to enunciate physical laws that 
are true everywhere and in all directions, and whose mathematical expression is 
invariant in a displacement. Example: the law F = Ma [110] (the acceleration, a, of a 
body with mass M is proportional to the force, F, applied to it) has the same 
mathematical expression everywhere in the Universe, and in all reference frames; in 
addition, the mass M is also the same everywhere. 
 
And since the invariance by displacement remains true in translations of the origin of 
time, the mathematical formulas of physical laws do not change with time; today's laws 
are the same as yesterday's and the same as tomorrow's. 
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Therefore, physical laws are stable in both space and time, which implies that the effect 
of a physical cause is stable too; we may therefore enunciate the principle "Identical 
causes always produce identical effects". 
 
The reference frame, with the position of its origin, the directions of its axes and their 
units, is a human conceptual tool, an abstraction that does not affect the laws of nature. 

3.2.1.1.2 The scientific laws of the Universe are coherent (non-contradictory) 

These laws complement each other without ever contradicting each other. They respect 
the three fundamental laws of logic [99], formulated by induction from man's 
observations of nature. 

Á Law of contradiction: a law of nature is true or false, but not both true and false; this 
law requires non-contradiction: no new law may be true if it contradicts an existing 
law without replacing it. 

Á Law of excluded middle: a law of nature (whose text must be falsifiable [203], in 
accordance with critical rationalism) is either always true ï and it has never been 
disproved - or false, if it has been disproved at least once; it cannot be sometimes 
true and sometimes false, or have a probability of being true, or a probability of not 
being applicable in some special unexpected circumstances. 

Á Principle of identity: a law (or a situation, or an evolution) is what it is, exactly what it 
is; it cannot be different than what it is. 

3.2.1.1.3 Completeness and generality of the laws of nature 

Nature is not only uniform; it is also complete: 

Á Nature has all the laws required to account for all phenomena: this is Kant's 
postulate of complete determination [207]. 

¶ Nothing proves that all laws may be discovered, even given enough time, 
research personnel and talent. Nevertheless, our scientific knowledge makes 
progress and we have good reasons to continue engaging in research; 

¶ In addition, all scientific theories are based on axiomatic systems, with their a 
priori postulates and deduction rules [67]. 

Á No phenomenon occurs without cause, or without respecting a stable law of nature; 
this excludes the possibility of transcendent or supernatural interventions. 

Á A law is always respected; otherwise, it is not a law: in identical circumstances, 
consequences will always be identical; no phenomenon may "forget" to occur, or 
occur differently; as noted above: identical causes always produce identical effects. 

However, when one cause produces a set of consequences (this book provides 
several examples, one of which is superposition of states followed by decoherence) 
and nature only retains one consequence of the set, its choice may be random and 
we may only know in advance the probability each consequence has of being 
chosen. 
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Therefore, no law has a probability of being true or applicable; in given 
circumstances, either it is applicable or it is not applicable. 

See also, below, "Critique of the scientific method and of its truth". 

3.2.1.2 Origin of the causal postulate 

Some laws of physics describe evolutions from an initial state or between two states. 
Their existence and stability when time or space vary suggest the postulate of causality: 
since the action of a given law on a given initial state is always followed by the same 
final state which depends only on the initial state and the law (a sufficient condition), 
reasoning by induction encourages us to postulate that this evolution is governed by a 
general principle, the causal postulate, a necessary condition which may be stated as 
follows: 
 

In the Universe, whatever exists or happens has a cause and obeys 
laws. 

 
This postulate is legitimate since it is verified by countless observations and is not 
contradicted by any (see the empirical construction of an axiomatic system [241]). 
According to the definition of scientific truth of critical rationalism ï a definition we will 
discuss later, but which is admitted everywhere today ï this postulate may be 
considered a law of causality until proven wrong. 
 
The fact that some phenomena are unexplained does not contradict this postulate; it 
encourages us to strive to find an explanation. It also encourages us to remain vigilant in 
case a new fact appears that cannot be accounted for by the law supposed to explain it, 
or that contradicts that law; we may have to alter the law or replace it. More details about 
the legitimacy of this postulate below. 

3.2.2 Definition of extended determinism 

In accordance with the above, we will postulate the uniformity, stability, coherence and 
completeness of the laws of the Universe, and draw the following conclusion about the 
causal principle. Since every phenomenon has a cause, and the effect of that cause is 
uniform throughout space and stable in time, we shall define extended determinism as 
follows: 
 

Extended determinism is the principle that governs the evolution from a 
cause to its consequences due to all applicable laws of nature. 
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We will first provide details about this definition; then we will justify it. 

3.2.2.1 Complements of this definition 

The above definition of extended determinism must be completed by 

Á The definition of traditional scientific determinism, stated above (necessary and 
sufficient condition, and stability rule); 

Á Extensions and precisions provided below in this book, such as multiple 
consequences of a single cause, random choice between multiple solutions, limited 
precision, etc. 

(A concise list of these extensions is available in the chapter "What can we 
understand?". The mental representation changes required to understand the 
relationship between extended determinism and nature are also summarized there.) 

3.2.2.2 Justification of this definition of extended determinism 

An in-depth exploration of the action of determinism brings up questions about the 
transitions from causes to consequences, such as 

Á Can a single cause produce several consequences, and if it can will they all be 
retained or only one? (Quantum physics provides an answer). 

Á How do randomness and imprecision (observed, for example, in quantum physics) 
intervene in natural phenomena, and what are their relationships with determinism? 

Á Does a deterministic process always produce a predictable outcome? (The book 
examines cases where the answer is no.) 

Á How long can it take between a cause and its consequence? 
 
We have already seen that the founding principles of extended determinism (causal 
postulate, uniformity, stability rule, coherence rule, and completeness postulate) are 
justified by properties of the Universe, from which they were derived by induction and 
that no observation has ever contradicted. We shall now justify the uniqueness and the 
general scope of extended determinism implied by the definite article the before principle 
and the adjective all before applicable laws. 

3.2.2.3 Constructive definition of extended determinism 

To take into account the answers to the above questions ï and to many more that 
appear in an in-depth examination of the effects of determinism ï our approach will start 
with the definition of scientific determinism and build the definition of extended 
determinism by incorporating the various rules of evolution that appear when 
considering one by one the various laws of nature. 

The theoretical validity of this approach was established by logicians, who showed 
how an axiomatic system can be completed progressively, as new truths or 
deduction rules that cannot be deduced from existing axioms are discovered in the 
field structured by the axiomatic system. This subject is discussed in [92]. 
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The practical validity of that approach results from its respect of the scientific 
method, which adds new laws to existing laws or replaces them, in the order in 
which discoveries are made. We thus add new evolution rules to extended 
determinism whenever new laws require such additions, carefully excluding 
redundancies and contradictions. 

 
The manner in which the definition of extended determinism may be progressively 
completed is described in the book, where it requires about 200 pages. However, we 
can justify the definition of extended determinism now, as follows: 

Á The uniqueness of the principle is a consequence of the progressive addition of all 
required evolution characteristics, while avoiding redundancies with existing 
characteristics; 

Á The consequences of the above-mentioned coherence and completeness of the 
laws of nature are that each given situation of nature initiates the same law(s) of 
evolution; there is no situation where two contradictory laws apply; neither can we 
find a case where evolution does not follow any law. In short, nature does not 
hesitate, does not contradict itself and does not conflict with itself. 

The above statement requires rigorous wording of laws of extended determinism 
that describe how randomness and imprecision intervene in various circumstances; 
the book describes such laws, with their mathematical formulas. 

 
In short, the uniqueness and completeness of extended determinism are consequences 
of its constructive definition, which includes a method for progressive extension without 
redundancy or incoherence. 
 
Complementary justification: the constructive definition of extended determinism does 
not make it an interpretive system. 
 
We have also seen that extended determinism often contradicts Laplace's philosophical 
determinism ("the causal chain is unique and predictability is certain"). We shall also see 
that it excludes neither randomness, nor imprecision, but considers them behavior laws 
for well-defined phenomena. 

Extended determinism is both a principle and an objective 

The expression extended determinism designates both a principle that governs the 
evolution laws of nature, and an objective for a person who reflects, trying to predict the 
future. We shall see that determinism does not always allow predictability: the action of 
many deterministic processes acting simultaneously does not change their nature, but it 
makes the objective of predicting the future inaccessible. 

3.2.2.4 Scales of determinism 

Á Since the Universe is uniform, determinism acts at all scales if we postulate 
determinism at macroscopic scale, we must also postulate it at atomic scale. We will 
therefore assert (and experiments will confirm) that the motion of a corpuscle: 
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¶ Is governed, at atomic scale, by the same laws as a motion at macroscopic 
scale (examples: electric attraction following Coulomb's law and conservation of 
total energy, a motion described by the Schrödinger equation); 

However, we shall see that a law that has considerable effects at atomic scale 
(such as de Broglie's law which associates a matter wave with a moving 
corpuscle), may have negligible effects at macroscopic scale. 

We shall also see that some phenomena revealed by mathematical properties 
at atomic scale have no correspondence at macroscopic scale, where such 
properties are not applicable. 

¶ Is just as deterministic at atomic scale as it is at macroscopic scale (see the 
principle of correspondence). 

However, since the Schrödinger equation has multiple solutions, and since the 
measure of a physical quantity may produce a set of results, we will have to extend 
determinism to allow several consequences of a single cause; we shall do that 
below. 

Á Depending on the phenomenon, we shall see that the scale of determinism is 
sometimes local, and sometimes global. For example, the macroscopic scale is 
global when compared with the atomic scale. The scale at which determinism 
governs a phenomenon (its cause or its effect) may vary considerably from a 
phenomenon to another. 

 
In short, the concept of scale is a useful human abstraction tool; but we should not 
attribute to nature laws that depend on scale. 

3.2.2.5 Mnemonic statements 

The statements below do not prove anything and contain no new information. They are 
provided in this text simply because their conciseness may help some readers memorize 
fundamental properties of extended determinism. 
 

General scope of extended determinism 

 

Nature makes no surprises; 
 all of its processes are governed by extended determinism. 

 
We may be surprised by the discovery of a new law, but not by its existence or its scope, 
especially if we keep in mind that extended determinism has probabilistic aspects the 
book describes. The Nobel prizewinner Richard Feynman' opinion about nature's laws 
is: 

"Nature has a great simplicity and therefore a great beauty." 
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Laws of nature and laws of a nation: an analogy 

The causal principle that is the basis of extended determinism applies to all laws of 
nature. This leads to the analogy below 
 

Extended determinism governs nature's laws 
 as a constitution governs the laws of a nation. 

Á Extended determinism and a constitution are both sets of principles respected by all 
laws, except when men make mistakes. 

Á Knowing the principles of extended determinism is useful in the same way as 
knowing the constitution; both types of knowledge enable understanding evolution 
laws, their scope and limits, and predicting the evolution of some situations. 

3.2.2.6 Contributions of extended determinism to logical reasoning 

Á A definition based on the laws of the Universe of the principles that govern 
transitions from causes to consequences; 

Á A general scope, with no exceptions even in the fields of life sciences or human 
(illusory) free will; 

Á A complete definition of randomness, of its role and intervention circumstances; 

Á A clarification of the roles of complexity and undecidability in predictability; 

Á Scientifically up-to-date materialistic arguments against spiritualism, etc. 
 

Extended determinism is a bridge between science and philosophy that 
helps to better understand what is and better anticipate what will be. 

 
More about the contributions of extended determinism and the laws of nature in chapter 
"What can we understand?". 

3.2.3 Causality and predictability 

We saw above that the action of determinism can be local or global; we also saw the 
notion of scales of determinism. Can nature have several ways of applying causality? 
The answer is NO. 
 
The local or global action of determinism is a human notion that exists only because our 
mind builds representations of phenomena schematically; nature has no such notion and 
has a single way of applying causality in a given situation: it applies the deterministic 
law(s) suitable for that situation, without hesitating or asking itself questions. 
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The problem comes from the fact that, for a man, determinism has two objectives 

Á Understanding (explaining), which falls under nature's causal principle, and 

Á Predicting, a strictly human concern. 
 
These two objectives are considered together in Laplace's philosophical determinism 
[200], and man often needs to understand in order to predict; but these two reasons do 
not prove that nature tries to predict. Nature would only try to predict an evolution if it 
had a goal or considered consequences, in other words if it were governed by finality or 
values, a spiritualist assumption we ruled out. 
 
Relating understanding and predicting is therefore a human need that does not justify 
asserting that causality (a behavior of nature which initiates a set of physical evolution 
laws) implies predictability and accuracy of the evolution's result (properties man 
wishes); the result of some laws is imprecise or chosen randomly within a predefined 
set. Relating the concepts of causality and predictability is an error made by many 
philosophers, Laplace and Popper, for example. Some believe that a phenomenon 
whose outcome is unpredictable is therefore non-deterministic, thereby evading the 
causal principle and allowing nature to act unpredictably! Popper even concluded that 
the Universe is non-deterministic. 

Examples 

We have seen, in the case of radioactive decay, that it is impossible to predict, at a 
given time, the next atom that will decay. Man cannot predict, but nature makes a 
decision: natural causality (the instability of an atom's nucleus) acts; man can only 
predict globally, for a material sample with given mass of a given radioactive body, the 
total quantity that will decay per unit of time. Man's desire to predict at atomic level 
conflicts with nature's indifference; nature's causality acts without providing the precision 
man wishes. 
 
We shall see in this text many other examples where man's desire to predict will conflict 
with nature's obstruction. At atomic level, for example, nature will not let man know a 
moving particle's position with arbitrary precision: this position is always fuzzy. 
Sometimes, during a measure, nature chooses randomly one of the elements of a 
predictable set: under given conditions, determinism and its causality always produce 
the same result set, but nature then chooses which element of this set it will pass on to 
man without letting him predict which it will be; determinism is then reproducible and 
predictable at that set's level, not at element level 
 
We shall even see examples where a computing algorithm ï a perfectly well known, 
artificial process that is completely deterministic ï has a result that is unpredictable 
when the algorithm is started with input data. Consequently, the action of nature is not 
the only field in which man's desire to predict can be put in check. 
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Conclusion 

A law of natural evolution produces a result that is not necessarily predictable or defined 
with the precision man wishes to have, therefore: 
 

Causality is always respected by nature, 
 but that does not guarantee the predictability of results 

or their precision. 

 
In short, nature knows the concept of cause and the concept of consequence (evolution) 
entailed by a cause. However, it does not know the concept of result of an evolution, a 
human abstraction used, for example, to assess that evolution or make it the cause of 
the next evolution when reasoning; nature links evolutions together non-stop, without 
assessing their results. 

Conclusion 

The human mind builds representations of a phenomenon of nature at all levels required 
to describe it and understand it. However, nature does not have to follow laws that apply 
to an arbitrarily level considered by the mind; there are levels where science does not 
know of any applicable law or cannot state any. Example: no law can predict the next 
atom that will decay in a sample of radioactive matter. 

3.2.3.1 Generalization: human thinking is non-deterministic 

It is possible to generalize the previous conclusion that determinism and causality do not 
always entail predictability: human thinking as a whole (not only its predictions) is in 
general non-deterministic, therefore unpredictable; we had already noticed that. 

Determinism and causality apply only to the laws of nature 

Extended determinism, based on causality, governs all laws of nature. However, in 
general determinism and causality do not apply to human thinking, which often does not 
respect the reproducibility (stability) rule of scientific determinism. This happens because 
the complexity of psychic phenomena and the number of their (human and environment) 
parameters are such that there is almost always at least one variable that changes 
between two apparently identical situations. 
 
We shall see below in detail why there is a whole class of phenomena, to which thinking 
belongs, which are often not deterministic. For the time being, we can note that there is 
no contradiction between the determinism of the neural mechanisms of thinking, 
resulting from that of the underlying genetic mechanisms, and the non-determinism of 
thinking: between the former and the latter there is complex functional "software" whose 
sensitivity to context (health, etc.) brings about instability. 
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3.2.4 System and state 

The state of a system at time t is the set of values of the variables that describe it. A 
physical system is described by composition variables (the collection of elements that 
constitute the system); shape variables; position variables; motion variables; mass; 
electric charge; momentum [20]; spin [22]; etc. Some variables, called external, describe 
the relationship of the system with its environment. Examples: mass, electric charge and 
spin. Other variables are internal, like the forces that link the various components of the 
system. Some variables are scalar (numbers), others are vectorial, others are logical 
(true/false), etc. 

3.2.4.1 Degrees of freedom of a system 

The number of degrees of freedom of a system is the number of independent values 
required to express the values of all the variables of a system. For example, a moving 
material point needs 

Á 3 degrees of freedom to describe its position at time t, since it has 3 coordinates x, y 
and z in the frame of reference; 

Á 3 degrees of freedom to describe its velocity at time t, since its velocity vector has 3 
components in the frame of reference. 

 
If the system comprises a very large number X of material points (example: the trillions 
of gas molecules in a small container, where their temperature makes them move all the 
time) a description of the system's positions and velocities requires 6X variables, and 
the system has 6X degrees of freedom. 
 
The number of degrees of freedom may be reduced by constraints such as 

Á The obligation to move on the surface of a sphere, where a position has only two 
degrees of freedom (example: latitude and longitude on Earth); 

Á The obligation to rotate about an axis, like an oscillating pendulum whose position 
may be described by a single variable such as an angle with the vertical direction. 

 
More generally, if the state of the system is described by N variables and C constraints, 
it has N-C degrees of freedom. 

3.2.4.1.1 Equipartition of energy between the degrees of freedom 

A law of statistical mechanics known as "equipartition of energy" states that in a system 
in thermal equilibrium, on average, an equal amount of energy will be associated with 
each independent energy state 

"In a gas or a liquid in thermal equilibrium at absolute temperature T [121] [the gas 
or liquid exchanges no heat with the exterior of its container], each molecule has an 
average kinetic energy of ½kT by degree of freedom, where k is the Boltzmann 
constant [122], k = 1.38066 10-23 joule by Kelvin degree. And since there are 3 
degrees of freedom for a molecule's velocity vector, each molecule has an average 
kinetic energy of 3/2kT." 
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Consequences 

Á A molecule's kinetic energy is proportional to its absolute temperature. Since 
absolute temperature is always greater than (absolute) zero, a molecule cannot stop 
moving! In a liquid or a gas where each molecule is surrounded by vacuum, the 
various molecules move without ever stopping, colliding with one another and 
bouncing on the container's walls from time to time; their motion is called Brownian 
motion. It is worth noting that all those collisions are perfectly elastic and devoid of 
friction, and that temperature is a necessary and sufficient cause of motion. All of 
those properties are far from intuitive and our determinism must consider them. 

Á A molecule's kinetic energy is independent of its mass. This property is also 
counterintuitive, since it seems normal that a larger and heavier molecule would 
store more kinetic energy than a smaller one. For example, an oxygen molecule that 
weighs 16 times more than a hydrogen molecule has the same kinetic energy at a 
given temperature T. Since a given kinetic energy, Ec, is related to mass, m, and 
velocity, v, by the formula Ec = ½mv2, a 16 times greater mass corresponds with a 4 
times lesser velocity (42 = 16): at a given temperature, an oxygen molecule moves 4 
times slower than a hydrogen molecule. 

Equipartition of potential energy 

The energy equipartition law also applies to potential energy if the molecules move in a 
field of force such as an electric field or a gravitation field: each degree of liberty 
associated with potential energy brings each molecule an energy of ½kT, thus bringing 
total potential energy to 3kT by molecule of a gas or liquid, or by atom of a solid. 
 
Therefore, each atom of a solid vibrates permanently without friction, since its 
temperature is greater than absolute zero. The potential energy of a solid's atoms is due 
to the equilibrium of binding forces between atoms, forces that are attractive or 
repulsive. 

3.2.4.2 Phase space - Quantum state of a system 

At a given time t, the set of values of the N scalar [126] variables that describe the state 
of a system is represented by a point in a space with N dimensions called phase space. 
Thus, in the usual three-dimensional space where a point's coordinates are x, y, z and 
the components of its velocity are x', y', z', the 6 coordinates of phase space are x, y, z, 
x', y', z'. When the point moves, those 6 coordinates are functions of time. 

Another example: the state of the volume inside a cylinder of an internal-combustion 
engine where the combustible mixture burns is represented at each time t by the 
pressure p and the volume v of the part of the cylinder above the piston. The phase 
space frame of reference has two axes, "pressure" and "volume"; when the engine 
runs and the piston moves, its position at time t corresponds with a point with 
coordinates (p, v) of the phase space. 

 
If the system has n material points (independent or mechanically bound), it takes N = 6n 
variables to describe its position+velocity state in its phase space. 
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The system's time evolution is then represented by the displacement of its 
representative point in its phase space: this point travels a curve with parameter t. In the 
above example of an internal-combustion engine, the evolution of the state of the 
mixture during a four-stroke cycle is a closed curve. In general, an evolution curve may 
or may not be continuous: some points or parts of the curve may be isolated or disjoint. 
 
Each point in phase space represents a state of the system. These states are not 
necessarily equiprobable: at a given time t, or between times t1 and t2, each isolated 
point P has a probability of being reached; and each non-isolated point Q (such a point's 
vicinity contains other states that may be reached) has an associated probability density 
[28]. 

3.2.4.2.1 Quantum state 

The quantum state of a system at time t is represented by the values of its quantum 
mechanics variables at that time; it is described by its wave function. For example, the 
quantum state of an electron comprises the variables that describe its position, its 
velocity vector and its spin [22]. All of these variables are scalars [126]. Since the 
quantum state represents all that may be known about the system at time t, its variables 
are all of the system's variables; there is no other (hidden) variable that could provide 
other information about the system. 
 
All electrons have the same mass me and the same electrical charge e. me and e being 
the same for all electrons, are constants that do not belong to the list of an electron's 
quantum state variables. Two electrons may be distinguished only by a difference in 
their quantum state: a difference in their position, velocity or spin. The same remark 
applies to two protons, and indeed to any pair of identical particles: two particles of the 
same type are always identical, interchangeable; they differ only by one or several 
values of the variables of their quantum state. 

3.2.4.2.2 State vector 

The variables of a system's quantum state are the components of a vector called state 
vector. 

3.2.4.2.3 State space 

The state vectors of a physical system belong to a vector space [127] called state space 
of the system. The vectors of that space have components that vary in time when the 
system evolves. 
 
When we present, below, the Schrödinger equation, we will designate the state vector 

associated with the wave function y(r) by a notation due to Dirac, |y>, called "ket psi". 

3.2.4.2.4 Physical reality and representation in state space 

A system's physical reality is only accessible to our mind through a mental 
representation built using our existing concepts, abstraction methods and intuition. 
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This is a materialistic postulate, our position throughout this entire text, as opposed 
to a spiritualist attitude that considers that only ideas are real and that physical 
reality is not accessible to us. 

 
Modern physics goes beyond. It postulates that: 

Á A system's state is represented by a vector of state space that contains all of the 
information that may be obtained about the system; 

Á The time evolution of this state vector represents all of the information that may be 
obtained about the system's evolution. 

 
These postulates imply that the only physical reality, objective and trustable, accessible 
to us is this mathematical representation; no representation originating in our 
perceptions or our intuition is precise enough, especially at scales that are infinitely 
small or infinitely large compared with the human scale. 

In short, since we cannot see an electron or its motion, we have to trust their 
mathematical representations provided by quantum mechanics. Since we cannot 
see the curvature of astronomical space, we must trust the equations of General 
Relativity. Since we cannot see a black hole, we must deduce its presence and 
mass from its effects on surrounding space. 

 
Also, when we shall see in this text that the representation of reality is often probabilistic, 
quantized, and inaccessible to intuitions originating in our senses' perceptions (which 
are often contradicted by that representation) we shall have to accept it nevertheless, 
because its accuracy was proven by the quality of its explanations and of its predictions, 
and was never disproved. 

Polemic 

In the field of scientific knowledge, some people refuse to "believe the math" and accept 
only intuitions originating in their perceptions. Such an attitude proves intellectual rigidity 
and excessive self-confidence. They assume that the Universe is simple enough for 
man's mind to understand it instinctively, or that the mind is sufficiently bright to base 
every representation of reality on its a priori intuition. They persist in their error because 
they do not test their representation of the world against reality, in which they believe 
less than in their imagination and their preconceptions. (See paragraph "Intuition first, 
then justification", then this example.) 

3.2.4.2.5 Phase space of a force field and associated state space 

So far, we considered a system comprised of a fixed number, n, of parts such as n 
material points. We defined this system's time evolution in phase space. This phase 
space had a finite number of dimensions, for example 6n to represent the 6 components 
of the position and velocity of each of n points. 
 
Let us now consider a field, region of space subject to influences of several forces such 
as gravitation, electric charge and magnetism. This field has an infinite number of 
geometrical points. At each point P, the state of the field is described by 3 vectors, one 
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for gravitation, one for electric field, and one for magnetic field. These 3 vectors 
considered together make up the global state vector of the field at point P. The 9 
components of this state vector are the components of the 3 force fields in the reference 
frame of the space state of the global field. 
 
In order to describe the infinite number of points of the force field's phase space, the 
associated state space will have an infinite number of dimensions, 9 for each 
geometrical point of the field. It will be a vector space [127]. 
 
Conclusion: the representation of a complex system's state and evolution by a state 
space may be used for a field with an infinite number of geometrical points. 

3.2.4.2.6 Equipartition of energy in a force field ï Atom stability 

The traditional equipartition theory states that a system's available energy is equally 
distributed among all of its degrees of freedom; that is a consequence of the 
homogeneity of space. When there is a force field in a region of space - such as an 
electromagnetic field acting on electrically charged particles such as electrons or protons 
- this field has an infinite number of geometrical points. Therefore, it has an infinite 
number of degrees of freedom, compared with which the finite number of degrees of 
freedom of a given atom's electrons and protons is negligible. Therefore, each degree of 
freedom of a given atom should be associated with an infinitely small amount of energy. 
Therefore, if an atom's electrons were material corpuscles with mass (as experiences 
show), their rotational kinetic energy should be infinitely small, so their velocity should be 
too small for the associated centrifugal force to be able to prevent the electric attraction 
of the nucleus from making the electrons fall on it, thus making all atoms unstable! 
 
This instability of atoms, supposed to have a planetary structure comprising a positive 
central nucleus around which negative electrons rotate, is also predicted by Maxwell's 
equations [123]: according to those equations, electrons rotating around a nucleus 
should emit electromagnetic waves, therefore losing the energy carried away by those 
waves; this loss of energy should make the electrons fall quickly on the nucleus. 
 
These two traditional theories (equipartition of energy between degrees of freedom, and 
electromagnetic waves emitted by rotating electrons) depict atoms as following a 
planetary model. This model must be erroneous, since atoms are stable! We shall now 
go more thoroughly into some contradictions of traditional physics. 

3.2.5 Contradictions of traditional physics and of its determinism 

Atoms are stable; otherwise, our Universe would not exist! Traditional physics, created 
and verified at macroscopic level and statistical level, is not suitable for atomic level; we 
just saw that. Its deterministic laws, so remarkably precise and general, are erroneous at 
that minuscule scale. The problem is very serious, since the fundamental postulate of 
the absolute nature of space and time that is the basis of Newton's laws of motion [110] 
and of Maxwell's theory of electromagnetism [123] is disproved by the Michelson- 
Morley experiment, which showed in 1887 that adding two velocities is wrong when one 
is the speed of light. 
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In 1900, physics was also stuck with a disagreement between experimental results and 
calculated predictions concerning the exchanges of energy by electromagnetic radiation 
between a warm body and a cold body. This disagreement was explained only when 
Max Planck proposed, that year, to consider the quantity of energy of a wave emission 

of frequency n as discontinuous, as a multiple of a minimum quantity (called a quantum) 

of energy, hn; in this quantum there is a constant of the Universe, h (called quantum of 
action), a proposal that initiated quantum physics. 
 
Then, in 1905, Einstein used Planck's theory to describe the energy exchanges between 
light and electrons observed in the photoelectric effect, a theory that earned him the 
Nobel Prize in physics [60]. One of the consequences of the Planck and Einstein 
theories was considerable: electromagnetic waves such as light have a dual nature, they 
are both undulatory (wavelike) and particle-like, a fact that contradicted classical physics 
and its determinism. The absolute space and time of traditional determinism were 
disproved for good that same year when Einstein published the Special Relativity theory 
[49]. 

3.2.6 Some astonishing physical forces 

Everyone knows since Newton [110] that two bodies attract each other with a force that 
varies directly as the product of their masses, and inversely as the square of their 
distance d. Electric or magnetic attraction or repulsion between two electric charges or 
magnetic poles is also proportional to the inverse square of their distance d. Force fields 
that exert a force varying as "1/d2" exist everywhere and seem to be a general law of 

nature. 
 
However, nature's laws are more diverse. Quantum mechanics discussed below 
explains surprising laws such as the following. 

Á The Casimir force due to polarization of empty space and creation of particle-
antiparticle pairs varies as 1/d4. 

Á The Van der Waals law that describes the electric attraction between two neutral 
atoms or molecules subject to mutually induced dipole moments varies as 1/d7. The 

force it produces is very intense at a range of a few angstroms. The force is due to 
quantum fluctuations of the electric dipoles formed by pairs of atoms that are very 
close and attract each other. 

This force, also called "Van der Waals bond", is responsible for the cohesion 
between molecules of liquids. It also accounts for the aptitude of a small lizard, the 
gecko, to cling to the small irregularities that exist even on surfaces that seem 
smooth to us. A gecko can climb vertical surfaces or walk upside-down across 
smooth ceilings. Its toes are covered with extremely fine hairs (diameter less than 

0.25 mm = 10-5 inch) whose molecules attract the molecules of the surface with Van 
der Waals forces. 

Á The molecular repulsion force due to Lennard-Jones potential varies as 1/d12. It 
comes into play when the electric charge clouds of two atomic systems superpose. 
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Á The nuclear force (strong nuclear interaction) is an attractive force between quarks 
of an atom nucleus that holds them together as protons and neutrons, in spite of the 
electric repulsion that exists between protons due to their positive charge. The 
corresponding interaction quantum is the gluon [18]. 

Its range is very small (about 1 fm = 10-15 m, one-tenth the size of an atom's nucleus 
[137]) and its intensity increases with distance! (Details). 

 
I mentioned these astonishing forces to show that the action of determinism is not 
necessarily obvious or intuitive when trying to understand or predict some behaviors and 
that it is often necessary to use quantum mechanics to explain phenomena. 

3.2.7 Evolution and transformation 

Scope of determinism 

Determinism governs systems whose state evolves through time, who undergo 
transformations. A displacement, for example, is a transformation since it changes the 
system's state variables called "coordinates". An algorithm's execution is a 
transformation that changes its input data into results. However, since an algorithm 
manipulates only data (abstractions), determinism (which governs laws of nature) does 
not (in principle) apply to its kind of transformation, except if the algorithm models a 
physical process. In all the text of this book, we should limit ourselves to transformations 
governed by laws of nature, known or to be discovered, so we shall apply determinism 
to algorithms cautiously. Moreover, interventions whose origin is magic, divine, 
transcendent or due to psychokinesis will be disregarded, because determinism is a 
materialistic doctrine that excludes such phenomena. 

3.2.7.1 An interaction requires an exchange of energy 

The evolution of a material system subject to forces or to a force field [18] requires an 
energy exchange between parts of the system and/or its exterior. The exchange process 
between a system and a force field always requires three stages: 

Á (1) The field is radiated by its source 

Example 1: an electric lamp emits light, an electromagnetic field that carries energy. 

Example 2: a spring pushes an object by exerting on it a force mediated by 
electromagnetic fields at atomic level, where they cause the cohesion of the spring's 
atoms and of the object's atoms. 

Á (2) Propagation of the field through matter or empty space, with a velocity less than 
or equal to the speed of light, c. No physical propagation or action is instantaneous. 

In example 1, light propagates from the lamp. 

In example 2, the spring's cohesion fields, bound to its atoms, propagate to the 
object, which has its own cohesion fields. 

Á (3) Absorption of the field by its target. 
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In example 1, an atom of the target illuminated by the source absorbs one photon 
[117]; that absorption increases its energy to a superior level. Alternatively, a 
particle hit by the photon receives momentum [20], which increases its kinetic 
energy. 

In example 2, le spring's cohesion fields exert an electric force on the object's 
atoms, accelerating them in proportion with the force; the object's cohesion fields 
exert on the spring's atoms a reaction force equal to the previous force, but in the 
opposite direction. 

In both examples above, the fields are always electromagnetic, but there are 3 other 
types of forces [18]. 

 
Whenever a force or a force field acts, energy is exchanged. In the absence of force or 
field acting on a system, its motion conforms to Newton's first law of motion [110], the 
law of inertia: it moves in a straight line with uniform speed. 

3.2.8 1st extension of determinism: plurality of final states 

3.2.8.1 A concise introduction to quantum mechanics 

Quantum mechanics is a collection of mathematical tools intended for physics of 
extremely small objects, at atomic or subatomic scale, in general moving over very short 
distances. These tools allow representing and behavior modeling of physical reality 
using mathematics; they are not an experimental science of infinitely small objects, a 
field studied by quantum physics. (Details about the postulates of quantum mechanics). 
 
Being a collection of mathematical abstractions, quantum mechanics is justified by the 
rigor of its proofs and the accuracy of its predictions of physical reality. Its results have 
been verified experimentally many times, to explain a phenomenon, or to predict a result 
yet to be measured. Quantum mechanics is a mathematical science that has the rigor of 
such hard sciences. 
 
Quantum mechanics provides an accurate model of reality over dimensions and 
distances of about 1 angstrom (1Å = 10-10 m), and it is our only way of "seeing" and 
understanding what goes on at that scale: we "see" that tiny world using equations and 
functions that describe and predict the behavior of particles with perfect reliability, 
allowing for inevitable experimental errors and constraints. 
 
Quantum mechanics has far-reaching consequences. It provides the fundamental 
explanation of the stability of atoms; of the exchanges of energy between atoms on 
which all laws of chemistry are based; of the wave-particle duality; of electromagnetic 
phenomena such as the laser and the fineness of spectral lines, etc. 
 
As we shall now see, quantum mechanics compels us to update our definition of 
determinism, in order to be able to describe the consequences of the physical laws of 
nature. 
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3.2.8.2 From contingency to probability 

Long before man invented quantum mechanics in the 20th century, he had to 
complement the concept of contingency with that of probability. 

An object or an event is called contingent when it may or may not exist or occur; its 
existence or occurrence does not result from logical reasoning that would make it 
necessary or impossible. 

A situation, an object or a phenomenon that I observe at this time is certainly not 
contingent, since I observe it: that would violate the identity principle [16]. It may 
have been contingent in the past, when it did not exist or had not occurred yet; but it 
no longer is, since it is observable; and it may be contingent in the future. 

 
Man noticed that the concept of contingency does not suffice to describe some 
situations, for which a more accurate description requires a probability of existence. 
Example: when I throw a dice, obtaining a 3 is contingent; it may happen or not. 
However, if I describe the probability of obtaining a 3 as 1 chance in 6, I describe the 
result of throwing a dice more accurately. 
 
Quantum mechanics uses probabilistic descriptions frequently. It shows, for example, 
that the position of an electron at a certain time should not be considered contingent (the 
electron is there or not); it should be described by a probability of presence in a volume 
of given dimension surrounding that point. A precise position for a particle is an 
erroneous concept in quantum mechanics, or at best an approximation. 
 
Using quantum mechanics calculations, the motion of a particle follows laws of physics 
that are completely deterministic in the traditional (Newtonian) sense. The calculations 
use a "Hamiltonian" formalism based on the particle's total energy. The result of those 
deterministic laws is reproducible: the same initial circumstances will produce the same 
set of behaviors, measurable with the same result set. 
 
However, that result does not describe a precise motion such as the trajectory predicted 
by Newtonian mechanics - a succession of precise positions reached at precise times. It 
provides only, at each time, probabilities of presence and speed of the particle near 
each point of space: the concept of precise trajectory no longer applies, as it does in 
Newtonian physics governed by traditional determinism. It is replaced with a region of 
space where, at each time, each point has a probability density of presence [28]. At 
each time, the position of the particle is blurred, it is inaccurate; and its speed is also 
inaccurate. 
 
The concept of probability, measured by a real positive number between 0 and 1, 
improves over the concept of contingency of philosophers, and over the all-or-nothing 
choice between true and false. 

3.2.8.3 Extending determinism to imprecise and probabilistic results 

Therefore, to represent the reality of an evolution accurately, we should extend 
traditional determinism, adding the possibility for a precise initial situation to produce 
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multiple results during and after an evolution, each result being associated with a 
probability. 

Quantum mechanics predicts that the consequence of an initial situation that 
evolves may be a set of 1, 2, 3é or even an infinite number of results. (We may 
also say that it predicts a set of possible evolutions, each of which produces a single 
result.) 

After precise initial conditions, the position of a moving particle at a certain time is 
fuzzy, imprecise, and so is its speed. 

The probabilistic interpretation of a moving particle's position at a given time should 
not be "there is a precise position, but we cannot know it". 

Stating that "each point in space has a probability density of presence of the 
particle" [28] is a much better approximation; it is useful in phenomena such as the 
tunnel effect. 

We should always remember that at a given time, nature makes the position of a 
particle imprecise: if we could see it, it would be fuzzy. 

We shall see below that nature does not allow us to conceive a moving particle's 

dimension or position with an uncertainty less than its Compton wavelength lc; for a 

proton, for example, the minimum uncertainty lc is comparable to its diameter! 

 
The experimental measure of a variable may produce one or several values. Quantum 
mechanics predicts the exact number of these values when it is not infinite. If we repeat 
the experiment a very large number of times measuring the same variable each time, 
each predicted result appears a predicted number of times; depending on the 
experiment, the results that appear are sometimes equiprobable and sometimes 
associated with different probabilities. 
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Example: Consider Young's double-slit experiment where monochromatic light is 
diffracted through two slits. 
 
 

 

Young's double-slit experiment 
 (from Encyclopædia Britannica Ultimate Reference Suite 

Chicago: Encyclopædia Britannica, 2008) 

 
 
If photons [117] are sent from the source one by one, which can be done nowadays, 
they reach the screen at different points, in spite of being produced and sent in identical 
manners; the position of each point is a result predicted by quantum mechanics with a 
probability of occurrence. Such a behavior contradicts traditional determinism, which 
predicts that all photons reach the same point of the screen. 
 
If the number of photons increases considerably, the global image formed by the 
impacts is a pattern of interference fringes, as predicted by the wave theory of light: 
each photon travels through both slits at the same time, the two components of its 
electromagnetic wave adding or subtracting their amplitudes depending on their phase. 
Therefore, a photon may interfere with itself. 
 
We will now describe a comparable possibility of traveling two trajectories 
simultaneously for corpuscles with mass. 

3.2.8.3.1 Wave-particle duality results in dual determinism 

Young's double-slit experiment, realized above with photons [117], may also be realized 
with atoms with non-null mass. It then exemplifies a fundamental aspect of quantum 
physics: depending on circumstances, a particle with non-null mass behaves either as a 
corpuscle of matter, or as an "energy packet" propagated by a wave. In the latter case, it 
resembles a photon, and the superposition of two such waves due to passing through 
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narrow slits produces an interference pattern. The French physicist Louis de Broglie was 
rewarded in 1929 by a Nobel Prize in physics for discovering the "matter waves" 
associated with all moving corpuscles of matter. He stated that: 

"Every particle with mass m and velocity v is associated with a matter wave with 

wavelength l such that 

 

mv

h
=l  

 
where h is Planck's constant, h = 6.6261.10-34 joule.second. 

Example: the wavelength associated with an atom of iron 56Fe moving at 1000 m/s 
is 7 fermis (1fm = 10-15m), only slightly less than the diameter of its nucleus (9.2 fm) 
[137]. 

However, for a macroscopic object, even if it moves slowly, the wavelength is so 
small that its wavelike properties are impossible to observe in an experiment: a 

small 20 gram (0.7 oz) pebble moving at 10 m/s has a wavelength l = 3.3.10-18 fm. 
 
Such a duality is all but intuitive: how can matter be a wave? How can a wave be a 
corpuscle? 
 
The answer requires understanding the nature of matter waves: they are not 
electromagnetic waves like light waves, or pressure waves like sound waves, they are 
probability waves. Such a wave does not describe electric field alternations or pressure 
variations, it describes the motion of a moving particle; it is a function of time and 
position defined on the field of complex numbers [126] that gives a probability amplitude 
of presence and a phase relative to an origin. Details about this are provided 
immediately after the following remark. 

We must accept this wave-corpuscle duality of matter, with its deterministic 
consequences that make it behave like matter or like a wave, depending on 
circumstances. This dual determinism, which implies two very different aspects of 
the evolution of a given reality, is far from traditional determinism. Nevertheless, we 
must admit it and accept, whenever necessary, to have two mental representations 
of reality, with distinct equations, that complement each other without ever 
contradicting each other. 

Another dual model of reality also exists for an object's mass m and equivalent 
energy E, and for the transformation of a mass ȹm into an energy ȹE or vice-versa. 
Mass and energy are related by Einstein's famous equation E = mc2 (or ȹE = ȹmc2). 

3.2.8.3.2 Corpuscle trajectory 

The results provided by quantum mechanics often contradict our intuition. They compel 
us to understand nature using mathematical models (details). 
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Wave function 

Quantum mechanics replaces the traditional concept of trajectory of a corpuscle with the 
concept of time-depending state. Neglecting the spin [22], the quantum state of a 
corpuscle with mass such as the electron, with the components of its position and 

momentum variables defining a state vector, is described by a wave function y(r, t) with 

values in the field of complex numbers [126]. y(r, t) contains all of the information that 
may exist about the corpuscle; its vector variable r describes the position at time t with 

coordinates rx ; ry ; rz. 
 

The wave function y(r, t) is interpreted as probability amplitude of presence, a complex 
number with a module and phase. The positions r that may be reached by the corpuscle 

make up a continuum (a continuous space). The probability for the corpuscle to be at 
time t in a volume element d3r = dxdydz around point r(rx; ry; rz) is proportional to d3r and 

infinitesimal; it is noted dP(r, t). The corresponding probability density [28] is |y(r, t)|² if 

we define dP(r, t) = C|y(r, t)|² d3r, where C is a normalization constant such that 
 

ñY= r
C

32 d|t)(r,|
1

 

 
 

The real non-negative number probability density |y(r, t)|² should not be confused with 

the complex number probability amplitude y(r, t): |y(r, t)|² is the scalar square [127] of 

y(r, t) (the product of y(r, t) by its complex conjugate). 
 
The time evolution of the corpuscle's state (a concept that replaces trajectory) is then 
described by the solutions of the Schrödinger equation (which are deterministic), and by 
every linear combination [29] of such solutions that corresponds to a probability 
distribution. 

Trajectories of an electron around an atom's nucleus 

The "trajectories" resulting from the Schrödinger equation are surprising. An electron's 
orbit around its nucleus is not an ellipse in a plane, such as the Earth's orbit around the 
Sun. Depending on its energy, the orbit (called orbital) is a three-dimensional region of 
space around the nucleus where, at any time and at any point, the electron has a 
probability density of being [28]. The shape of the surface of maximum probability of 
presence of this region may be a sphere, a pair of lobes, etc. The figures below are 
copied from [124]. 
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Electron orbitals 

 
 
In the figure below, copied from [105] page 863, the radial distance from the nucleus, r, 
is expressed as ratio r/r1, where r1 is the radius of Bohr's theoretical hydrogen atom, 
r1 = 0.5 Å (where 1Å = 10-10m). The probability of finding the electron within a spherical 

shell of radii r and r+dr is W(r)dr=4pr²|y(r)|²dr. We can see that: 

Á The probability of presence of the electron very near the nucleus (where r tends to 
0) is non-null for each of the three electron shells! This happens only when the 
orbital angular momentum quantum number [104], l, is l=0; 

Á The electron shell with energy level n=1 has one distance of maximum probability, 
the shell with higher energy level n=2 has two, and the shell with n=3 has three. 
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Radial probability density of the electron W(r)=4pr²|y(r)|² in electron shells 
 n=1, 2 or 3 for a hydrogen atom 

 
 
We now see how different these three-dimensional electron "trajectories" are from the 
flat "planet" model. Actually, the term trajectory is not applicable to the motion of an 
electron around its nucleus; the expressions "fuzzy position" and "presence region" are 
more adequate. The "diameter" of the atom varies with its energy; and if we could see 
an atom and its electrons at a given moment, the picture would be fuzzy. 

3.2.8.3.3 Theory of chemical resonance 

Some molecules such as benzene C6H6 have several possible structures where carbon 
atoms are linked together and to hydrogen atoms by valence bonds that share electrons. 
Quantum mechanical calculations show that the stable (stationary) structure of such a 
molecule, which corresponds to minimum energy, has a wave function linear 
combination of the wave functions of all possible structures. The molecule's stable 
structure may be considered an oscillating resonance hybrid of the equiprobable base 
structures. We shall see this in more detail when we discuss the Schrödinger equation. 

3.2.8.3.4 Impact on determinism - Randomness 

Nature's determinism can produce several consequences of a single cause, just like a 
dice throw can produce 6 values. 

We have to accept this extended form of determinism even if it is counterintuitive. 
After all, if we accept that an equation of the form ax2 + bx + c = 0, when it 
represents a physical phenomenon such as the vertical trajectory of a cannon ball, 
may have two x solutions instead of one, why not accept that the Schrödinger 
equation of evolution may have several solutions? 
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Measured at a given time, the value of a variable of the resulting state is chosen 
randomly in a set of values predicted by quantum mechanics, the set of eigenvalues of 
the operator that represents the variable [278]. When measuring a variable, randomness 
is not the consequence of an inadequate knowledge of the phenomenon where it 
appears. It is the way nature selects a result within a results set predicted by theory, 
where each set element has a computable probability of being found if the experiment is 
repeated a very large number of times. 
 
It is important to know that the value of each measured variable is not random; it is a 
precise, predicted value that belongs to a well-defined set. It is the choice of the element 
of the result set which is random. 
 
See also the quotation of the Fields medal prizewinner René Thom about chance [226]. 
 
On this subject, the Nobel laureate of physics Richard Feynman said ([240], quote 4) 

"A philosopher once said 'It is necessary for the very existence of science that the 
same conditions always produce the same results'. Well, they do not. You set up the 
circumstances, with the same conditions every time, and you cannot predict behind 
which hole you will see the electron." 

 
In fact: 

Á The philosopher is right if he adopts extended determinism. The result of an 
evolution being a set of consequences, then the same initial conditions always 
produce the same result set after the evolution. The result of a dice throw is always 
the same set, a number from 1 to 6. 

Á Feynman is also right, because nature's choice of the result set element is random. 
This element is often unique. If, for example, it is a voltage measured with a 
voltmeter, and if this voltage belongs to a set of 4 possible values, then nature will 
choose randomly which of the 4 values will be displayed by the voltmeter, because 
this measuring device was built to display only one value at a time. 

 
When it predicts the trajectory of a corpuscle using the Schrödinger equation, the 
determinism of nature replaces the line trajectory of Newtonian mechanics by a small 
region of space where, at each time, a small volume surrounding a given point has a 
predicted probability of presence. 
 
The result of a state evolution predicted by the Schrödinger equation is deterministic, but 
in the extended sense because it comprises a set of solutions instead of one, and the 
corpuscle's trajectory is fuzzy. 
 
The result of measuring a variable is a predefined set. Nature chooses one element of 
this set randomly. 
 
 

http://www.quotationspage.com/quote/21169.html
http://www.quotationspage.com/quote/21169.html
http://www.quotationspage.com/quote/21169.html
http://www.quotationspage.com/quote/21169.html
http://www.quotationspage.com/quote/21169.html
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Some effects of nature's determinism 
such as fuzzy positions of moving corpuscles 

and choosing one value in a predefined result set 
imply randomness. 

 
Therefore, determinism is not incompatible 

 with specific random or imprecise behaviors; 
 it must be extended to allow for them. 

 
 
Since a given cause may produce multiple consequences, the set of possible evolutions 
must be described as a causal tree instead of a causal chain. Each possible state of the 
system is then represented by a node of the tree that may be followed by several, or an 
infinite number of, consequence branches. The actual sequence of states is then 
described by a unique succession of tree nodes, a succession that makes up the causal 
chain. 
 
We shall see in the next paragraph that the fundamental equation of quantum 
mechanics, the Schrödinger equation, introduces position fuzziness, not randomness. It 
is the measure of a variable which introduces a random choice, and that happens during 
the transition from the atomic scale to the macroscopic scale and its energy exchange. 
The fuzziness is due to the association of a wave packet with each position. 
 
We do not know for sure why this transition selects one element of the set of possible 
values, and why it is selected randomly. The book [91] conjectures that there may be an 
influence of gravitation and Relativity, which quantum mechanics does not take into 
account at this time. 
 
The transition between the atomic and macroscopic scales introduces an evolution 
governed by a particular kind of determinism, unknown to traditional determinism, an 
irreversible evolution. This happens as soon as a measure, or just the flow of time, 
perturbs the result set. In addition, its outcome will remain non-computable as long as 
we do not have a relativistic theory of quantum physics, based on a quantified 
gravitational interaction [18]. 

3.2.8.4 Fundamental equation of quantum mechanics (Schrödinger) 

The fundamental equation that describes the time evolution of the state vector |y(t)> of 
an atomic scale object depending on the observable [30] H(t) (the Hamiltonian operator 
that represents the system's total energy) is the Schrödinger differential equation: 
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iä d/dt|y(t)> = H(t)|y(t)> 

 
 

where i2=-1 and ä is a quantum of spin [22] with value ä = 1.0542.10-34 joule.second 

(ä = h/2p where h is Planck's constant). 

 
This first-order equation describes an evolution that is time-symmetrical and completely 
deterministic (the same initial conditions produce the same set of solutions). 
 
This equation, that describes the time and space evolution of a corpuscle using quantum 
mechanics, plays the same role as the equations of motion that determine a trajectory in 
classical mechanics, which are also deterministic and time-symmetrical. However, a 

result of the Schrödinger equation is a time-dependent state vector |y(t)> from which it is 
possible to deduce the probability density [28] of presence of the corpuscle at each point 
of space at each time t. Such a result is not a trajectory, and at a given time the 
corpuscle is not at a precise position but in its vicinity, where the probability to find it 
decreases when the distance to this point increases. 
 
Contrary to the erroneous interpretations available in some texts, the Schrödinger 
equation is perfectly deterministic. However, its solutions do not describe a corpuscle's 
trajectory, but the time evolution of its state vector, from which a fuzzy position of 
maximum probability may be derived at any given time. 

Linear combination of states, superposition and fuzziness 

Since the Schrödinger equation is first-order and linear, any linear combination [29] of its 
vector solutions (and their associated wave functions) is also a solution, subject to the 
condition that the probability of presence in the entire space is 1. As a result: 

Á A quantum state may be the sum of two states. Examples: the quantum state of an 
atom that would be in two energy states simultaneously; the quantum state of an 
electron that would be in two different locations at the same time. Such a state is 
called a state superposition; 

Á A wave function may be a linear combination of an infinite number of wave functions 
whose superposition defines the wave packet that travels with a moving particle. 
The particle's position at a given moment appears fuzzy; it cannot be defined with 
accuracy better than half the width of the wave packet that travels with it (see 
below). 

Linear combination of an infinite number of wave functions (superposition) 

A solution of the Schrödinger equation linear combination of an infinite number of wave 
functions, where the coefficient ("weight") of each function is such that the probability of 
presence in the entire space is 1, may be interpreted as follows: to travel from point A to 
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point B, a corpuscle follows all possible trajectories between these two points 
simultaneously, each trajectory having a probability corresponding to its weight in the 
linear combination; this solution is called a superposition of trajectories (Feynman [275]). 
 
A linear combination of an infinite number of wave functions also allows a transition 
between the position states of a particle and its momentum states [125]. This 
mathematical possibility of having two different descriptions corresponds to the same 
physical reality: these two types of states of a particle result from the same laws of 
motion and the same total energy; both are formulations of the same wave function 

y(r, t) in two different function space bases. 

A fundamental postulate 

The Schrödinger equation is part of the postulates of quantum mechanics. 

3.2.8.4.1 Quantum mechanics cannot describe phenomena without time symmetry 

Quantum mechanics replaces the exact trajectories of classical mechanics by fuzzy 
location regions without renouncing time symmetry. This symmetry originates in its 
model of evolution, the Schrödinger fundamental equation, which is time-symmetrical. 
Therefore, quantum mechanics is incomplete because it cannot describe phenomena 
where time may only evolve from present to future, such as irreversible phenomena. 
 
Many phenomena are irreversible at atomic scale. Examples are: 

Á Spontaneous particle decay due to radioactivity, where a decayed particle cannot 
recompose itself spontaneously; 

Á Energy decay of an atom that returns to a lower energy level when it emits a photon 
[117]; the atom cannot subsequently become excited again spontaneously, since 
such excitation requires external energy brought by a photon; 

Á Measuring the value of a variable necessarily interferes with the measured system's 
energy: every quantum physics measure implies some irreversibility. The 
interference is often negligible in macroscopic systems, but it never is in systems at 
atomic level. We shall discuss irreversibility in quantum mechanics and in 
thermodynamics below. 

3.2.8.4.2 Quantum mechanics ignores gravitation and its relativistic curved space 

Quantum mechanics also assumes flat space [109], which implies the absence of 
gravitation due to space curvature associated with the presence of mass, according to 
General Relativity. The efforts of scientists since the 1930's to develop a theory of 
physics that combines quantum mechanics and General Relativity have resulted in only 
modest progress so far. 
 
The book [91], beginning on page 475, suggests that decoherence (the random choice 
of one state among the coherent set of states that exist simultaneously) is due to the 
influence of gravitation, with its space curvature. Gravitation is the only interaction 
among the 4 fundamental interactions [18] that may perturb the coherent quantum state 
when transitioning from atomic scale to macroscopic scale. The likelihood of this 
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conjecture about decoherence is confirmed by the LKB decoherence experiment 
described below, but it will remain a conjecture as long as we do not have a theory that 
unifies quantum mechanics and General Relativity. More in paragraph "Validity of the 
laws of quantum mechanics at macroscopic scale". 

3.2.8.5 Describing macroscopic systems 

The possibility for a system in an initial state to transition to one of several final states, 
with equal probabilities or not, exists even at macroscopic scale. Example: during a 
turbulent flow of a fluid (in which its speed at a point undergoes irregular fluctuations in 
both direction and magnitude), the point P that represents its state in phase space may 
evolve toward any one of several points P1, P2, P3, etc.; this phenomenon is called 
diffusion in phase space. 
 
Diffusion is a chaotic phenomenon, where an initial state may transition to one of several 
final states that are more or less dispersed. It is also irreversible, and it increases the 
system's entropy [25]. 
 
After a diffusive evolution, the system's representative point in phase space is 
sometimes far more likely near certain points called attractors, toward which evolution 
converges. 
 
Since macroscopic phenomena such as diffusion exist and are chaotic, and since their 
states may converge toward several attractors, we must extend determinism to allow for 
them as we did for phenomena at atomic scale: 

Á An initial state may result in a set of final states, of which one only will be reached 
after each evolution; 

Á An evolution may be chaotic and/or irreversible (More on irreversibility below). 

3.2.9 2nd extension of determinism: superpositions 

So far, we have seen that the state of a system may be "chosen" by a measure among 
the elements of a set of possible states, each with a probability of occurrence; these 
states are mutually exclusive. A given experiment may only produce one measured 
result, even if that result belongs to a set of possible results. Example: at a given 
moment, measuring an atom's energy gives only one result, chosen by the macroscopic 
measuring device among the set of values predicted by quantum mechanics. 

3.2.9.1 States superposition and decoherence 

The choice of one result state during a transition from the atomic to the macroscopic 
scale does not have to be instantaneous. Sometimes a number of such states may 
coexist for a short time before nature chooses one of them, which becomes permanent 
even if no measure perturbed the system. The states that coexist temporarily are called 
"coherent states" or "superposed states", and the evolution that chooses one of the 
states to make it permanent is called "decoherence". (Remember that this plurality may 
also be interpreted as the fact that an initial state results in a set of consequences 
(evolutions), each of which produces after some time a single result, one of those results 
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being finally chosen by nature; this second interpretation is exemplified by the 
experiment of the LKB laboratory.) Examples of coherent states: 

Á At a certain time, a molecule may be in two different energy states simultaneously; 
its global quantum state (which is unique, by definition) is a superposition of states; 

Á A photon may be in two different states of polarization; 

Á An electron may be in two different locations at the same time; 

Á Schrödinger's cat may be simultaneously dead and alive (2 cats, one in each state, 
coexist in a superposed state). 

 
The wave function of a quantum state superposition is a linear combination of the wave 
functions of each quantum state of the superposition. 
 
Different quantum states combined in a superposition are similar to different piano 
strings whose sound waves merge into a chord. When a measure of a superposition 
produces a unique result by decoherence, the probabilities of the various possible 
results depend on the relative proportions, before decoherence, of the various quantum 
states in the superposition. 
 
There is no macroscopic equivalent of a global state that is a superposition of several 
coherent states, because its life would be too short to be observed. States superposition 
is another example of reality that challenges our intuition; we must extend the definition 
of determinism to account for it. 

3.2.9.2 Trajectories superposition 

We have already seen in Young's double slit experiment performed with atoms instead 
of photons [117] an example of two trajectories traveled at the same time: between 
source and detection, an atom follows two paths through the system simultaneously, 
going through both slits at the same time like a light wave. Since it is impossible to both 
observe the interference and know through which slit the atom traveled, we must 
conclude that in this experiment the atom behaved like a matter wave passing through 
both slits at the same time, not as a corpuscle that must pass through only one of the 
slits. 

3.2.9.3 Conclusions on state and trajectories superpositions 

We must train our mind to accept as a physical fact the superposition of several states 
or trajectories, in spite of our intuition that rejects such a representation under the 
influence of traditional determinism. It is hard to "see" how an atom can travel two paths 
at the same time, especially if those paths are millions of atom diameters apart! 

(The difficulty for our intuition originates in the representation of a moving corpuscle 
by matter waves. We also find it difficult to accept that a single cause may be 
followed by several distinct consequences (evolutions) simultaneously, which 
remain distinct until there is decoherence, or which combine as a linear 
superposition of states.) 
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One of the reasons why it is difficult to accept the reality of matter waves is that any 
attempt to prove in an experiment that an atom travels two paths at the same time finds 
only one path, because decoherence occurs and destroys the states superposition. 
 
However, man's ingenuity is such that the scientists of the LKB laboratory of Ecole 
Normale Supérieure in France succeeded in setting up an experiment that proves states 
superposition and observes decoherence after a while [1]. 
 
Decoherence speed increases when 

Á The observed system is large, which increases its interactions (gravitational or 
friction, for example) with its environment; 

Á The distance between the coherent states is greater, which increases the instability 
of the states superposition. 

 
In practice, the coherence lifetime (the duration of a superposition before decoherence) 
may vary between a fraction of a second too short to be measured and a number of 
minutes. 
 
We must therefore extend determinism with the possibility of existence of a global state 
of a system that combines (superposes) a number of elementary states until a measure 
or nature chooses one state randomly after a time interval which is generally very short. 

Therefore, the final unique state after decoherence has several predecessors that 
existed simultaneously, a situation deemed impossible by traditional determinism. 

 
After a decoherence, we must consider the preceding states superposition as a unique, 
global, state that comprises a set of coherent component states of which one element 
became permanent. 

Irreversibility 

Decoherence is an irreversible process: after one final state was chosen, no "re-
coherence" is possible to recombine the coherent superposed states into one global 
state. It is not even possible to "play the film of events backwards" as in a time-
symmetrical process, because there is no equation that describes decoherence where a 
t variable could be replaced with -t. 

The causal chain is not unique when considering its events from present to past 

More generally, we must consider the philosophical determinism rule that "the causal 
chain is unique when traveled from present to past" [200] as a certainty that every 
situation has one cause at least, not as a possibility to mentally reconstruct the past by 
traveling the unique chain of predecessors of a state backwards. Example: if the current 
result we have after an addition is the number 8, before the addition the couple of added 
numbers could be (1+7), or (2+6), etc. So the belief of philosophical determinism that a 
unique, unambiguous, past may be deduced from the present situation is obviously 
erroneous. 
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Several predecessor states may correspond to the final state of a system. The 
predecessor state may or may not have been a superposition of coherent states. 

3.2.9.4 The determinism of Hugh Everett's tree-structured multi-universe 

The American physicist Hugh Everett proposed a universal wave function that 
represents a system both at atomic and macroscopic scales. His extension of quantum 
physics, mathematically flawless, is an elegant interpretation of what happens 

Á When a measure chooses randomly one result within a predefined set of possible 
results; 

Á Or when decoherence chooses randomly the wave function of one state among all 
superposed states. 

 
Everett postulates that, when such a phenomenon occurs, we should consider the 
experimental system as a whole, a Universe that includes a measuring device (if any) 
and the experimenter who observes the experiment. That Universe is described by a 
universal wave function. The measure or decoherence cause a transition of the state of 
that global system (the Universe described by its universal wave function) to all of the 
states associated with its component wave functions, creating parallel coexisting 
Universes. For an observer ï always in a unique state - the transition is governed by a 
determinism that chooses one branch of the tree of possible evolutions as the 
consequence of the node associated with its description before the measure or 
decoherence. That deterministic evolution causes a human observer's entire Universe ï 
including the measuring device ï to transition to one of the branches of the tree while 
other copies of the Universe are created and coexist in superposition from then on. For a 
given observer only the branch where he exists is visible, he is not aware of the 
existence of other branches. 
 
Everett postulates that this tree-structured determinism governs all transformations 
whose laws have multiple solutions, whether there is an observer or a measuring device 
or not. His interpretation contradicts the traditional interpretation of quantum physics 
known as "the Copenhagen interpretation" because it was proposed by Niels Bohr, who 
was Danish. Bohr believed that the solutions and predictions of quantum mechanics do 
not apply at macroscopic scale. Everett's interpretation is elegant, mathematically 
irrefutable, and accepted today by some physicists while others reject it. 
 
If this interpretation is considered valid 

Á The famous thought experiment known as "Schrödinger's cat" creates two cats, one 
dead and one alive; depending on the Universe where an observer branched, he 
sees the cat dead or alive; 

Á The experiment where two entangled photons behave in a non-separable manner 
does not prove non-separability: no matter in which Universe an observer branched 
when the two entangled photons where produced simultaneously with superposed 
quantum states, the measure always gives a coherent result; it is not necessary to 
envisage information transmission or non-separability; 
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Á The surprising values of so many constants of the Universe, which seem to be 
chosen exactly right for evolution to lead to human life, is no longer surprising: the 
observed combination of values is part of the set of possible combinations. The 
astonishment of spiritualists who believe in the anthropic principle is no longer 
justified. 

3.2.10 3rd extension of determinism: quantization and uncertainty principle 

3.2.10.1 Quantization of energy levels and energy exchanges 

The analysis of absorption and emission spectra of various types of atoms shows a 
phenomenon that cannot be explained by laws of physics that assume that energy 
variations are continuous functions: spectra have fine rays. The interpretation of such 
rays is the following. An atom of a given type emits or absorbs only photons of well-
defined energies. An atom's energy is therefore quantized: it can only have certain 

discrete values. Each absorption or emission of a photon of frequency n by an atom 

changes its energy, respectively adding or subtracting hn joules exactly, where h is a 
universal constant called "Planck's constant" or "quantum of action"; 
h = 6.6261.10-34 joule.second. 

3.2.10.2 Nature's 3 most fundamental constants 

A measure is a comparison with a unit. The Universe has fundamental invariant 
quantities (constants) such as 

Á Planck's constant, h = 6.6261.10-34 joule.second, and its derived constant 

ä = h/2p = 1.05.10-34 joule.second; 

Á The speed of light in a vacuum, c = 299 792 458 m/s exactly: this is an international 
unit; 

Á The gravitational constant, G = 6.67.10-11 Nm2/kg2. 
 
There are dozens of others, such as the electric charge on the electron, the fine-
structure constant, etc. 

3.2.10.3 Particle position and velocity 

We saw above that, during a corpuscle's motion, its position and speed at a certain time 
must be interpreted with a certain probability in a given volume around a position of 
maximum probability. We may conclude that descriptions of initial and final states have 
limited accuracy; they are subject to some uncertainty and positions are fuzzy. 

3.2.10.4 Wave packet spreading 

3.2.10.4.1 Description of a corpuscle's wave packet 

Another behavior of Schrödinger equation solutions is even more surprising: the wave 
packets (of matter waves) that travel with a corpuscle spread out with time. The position 
of a moving corpuscle is defined by a wave packet, a superposition of an infinite number 
of matter waves that takes into account their amplitudes and phases. For example, in 
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the case of a particle moving along the x axis, the result of this superposition is a 

function y(x,t) of abscissa x and time t given by 
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where 

Á y(x,t) is the probability amplitude of the corpuscle to be in the vicinity of position x at 
time t; 

Á Each value of variable k between -¤ and +¤ is associated with one wave of the 
packet; 

Á w is the frequency multiplied by 2p, such that for a corpuscle with mass m, a value 

k, and a constant ä = h/2p, the following is true 
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Á f(k) is an amplitude function of k that defines the distribution of amplitudes of the 
various waves that make up the packet; 

Á The ratio w/k is called vj; it is the phase speed of the wave that corresponds with k, 
a speed equal to c in a vacuum but equal to c/n(k) in a dispersive medium with 
index n(k). 

 
The amplitude at a given time t of the wave packet of a corpuscle moving with a speed 
associated with vector v is represented by the graph below, which shows that the 
probability is non-negligible only in a small interval ȹx, and decreases rapidly outside. 
 
 

 

Amplitude at time t of the wave packet of a corpuscle moving with velocity v 

 
In short, at any time t, the position of a moving corpuscle is defined by a wave packet, 
and it is because this wave packet has a non-null width that the position cannot be 
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determined with an imprecision better than ½ȹx around the packet's center, so that the 
corpuscle would appear fuzzy if we could see it. 

3.2.10.4.2 Spreading of a corpuscle's position matter wave 

The velocity of the corpuscle, v, is twice greater than the phase speed vj of the wave at 
the center of the packet. The matter waves catch up with each other and overlap while 
the packet moves, and the packet spreads out with time. The graph below shows this 
spreading phenomenon: t seconds after the initial time t=0 its maximum probability 

density |y(x)|2 decreased and its width ȹx increased [28]. 
 
 

 

Maximum probability density |y(x)|2 at times 0 and t of a wave packet 

 
The consequence of this spreading phenomenon is that after the calculation of a 
position that gave a result x at time t (with uncertainty ȹx), the position uncertainty of a 
moving particle increases: the particle's image becomes more and more fuzzy. 

In quantum mechanics, the position accuracy of a moving particle after an estimate 
degrades fast, contrary to traditional physics. 

 
However, when a particle is free (moving without obstacle or acceleration due to a 
potential energy variation) its momentum [20] has no reason to change. Therefore, the 
width of the wave packet associated with its momentum remains unchanged after an 
evaluation: 
 

ȹp(t=0) = ȹp(t>0) 
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3.2.10.4.3 Photon wave 

The wave packet of a particle with mass (a corpuscle) spreads out as it moves. A photon 
(whose mass is always null [117]) behaves differently. Its electromagnetic wave lasts 

during the time t required for an atom (or a molecule) to emit it and change energy level. 
The velocity of this wave and of the photon is the speed of light, c. If we know the atom 

(or molecule) that emitted it, we know its energy levels, the photon's frequency n, and 

the length of its alternations (the photon's wave), ct. The uncertainties on the photon's 

frequency, and its wavelength, l = c/n originate in the uncertainties on the differences 
between two energy levels of the atom (or molecule). The uncertainty ȹx on the photon's 
position is equal to its wavelength, and the uncertainty on its momentum can be 
deduced by applying Heisenberg's uncertainty principle, described in the next 
paragraph. The photon's electromagnetic wave does not spread out, its length remains 

equal to ct. 
 
If monochromatic light passes through a slit open only for a short time, there is 
uncertainty on the duration of the slit's opening, therefore also on the length of the wave 
that passed through it. 

3.2.10.5 Uncertainties affecting the simultaneous determination of 2 variables 

Quantum mechanics brings about an unexpected limitation on the accuracy of a 
simultaneous measure of both the position and the momentum [20] of a moving 
corpuscle, or of an evolving system in general: the product of the uncertainties (in fact: 
the imprecisions) on the position ȹx and the momentum ȹp must always be greater than 

a minimum of the order of magnitude of ½ä (ä is pronounced "h bar"), where 

 

p2

h
=>  

 

Á h is a constant of the Universe called "Planck's constant" or "quantum of action". Its 
value is h = 6.6261.10-34 joule.second; 

Á Therefore, ä = 1.05.10-34 joule.second and ½ä = 0.527.10-34 joule.second. 

 
The inequality that describes this minimum is 
 

ȹx . ȹp ² ½ä   (a) 

 
The constraint described by inequality (a) is called "Heisenberg's uncertainty principle". 
It states that the smaller a volume around the position of a moving corpuscle (in other 
words the greater the precision on the position), the greater the uncertainty on its 
momentum, and vice-versa. 

Á When the particle has mass, the imprecision on its momentum implies an 
imprecision on its velocity if its mass is constant, as quantum mechanics usually 
assumes. 
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Example 1: an atom of iron has a radius of 1.26 angstrom (1Å = 10-10 m). Let us 
suppose that the imprecision on an electron's position is of the same order of 
magnitude, ȹx = 1Å. The imprecision of the electron's momentum is then 

½ä/ȹx = 0.53 10-24 kg.m/s. Since the mass of a motionless electron is 0.9 10-30kg, 

the imprecision on its speed is 0.6 106 m/s (600 km/s or 1,350,000 mph)! However, 
if we accept an uncertainty of 1mm (1/25th of an inch) the uncertainty on speed is 
only 6cm/s (about 2.4 inches/second). 

Example 2: the uncertainties on the position and momentum of a macroscopic 

object are negligible. A speck of dust with a diameter of 1 mm = 10-6 m weighing 
m = 10-15 kg and moving with a velocity of v = 1 mm/s, whose position is measured 

with an extreme accuracy of 0.01 mm has a momentum imprecision of 
ȹp = mȹv = 0.5 10-26 kg.m/s, which implies an imprecision on its velocity of 
0.5 10-8 mm/s: the relative precision is better than 1 in 100,000,000. 

Á When the measured particle has no mass, as is the case for a photon [117], there is 
no uncertainty on its speed, always equal to c, but there is an uncertainty on its 
position due to the length of its wave. 

Á The uncertainty on two simultaneous measures does not limit the accuracies of 
variables whose components are measured along different axes. The position 
coordinate, x, and the momentum component along the y axis, py, may be 

measured simultaneously without the limitation ȹx . ȹpy ² ½ä. 

Á The imprecision due to the Heisenberg uncertainty principle, that governs a 
corpuscle's simultaneous estimates of position and speed, should not be confused 
with the precision degradation of the position due to the spreading of its wave 
packet. 

 
The uncertainty principle states a form of incompatibility between the precisions of 
simultaneous determinations of a particle's position and momentum. This incompatibility 
also exists for another couple of variables, energy ȹE and duration ȹt: 
 

ȹE . ȹt ² ½ä   (b) 
 
Inequality (b) may be interpreted as a lack of reproducibility of identical experiments 
intended to measure an energy value and repeated too quickly after one another: if 
experiment "2" is performed a long time after experiment "1", ȹt is large and ȹE may be 
very small, making reproducibility excellent. However, the shorter the time interval 
between "1" and "2", the greater ȹE may be, and this degrades reproducibility. 
 
Inequality (b) may also be interpreted as an impossibility to measure accurately the 
energy of a phenomenon with very short duration, or the impossibility to know the time at 
which the exchange of a very small amount of energy occurred. Example: when an atom 
undergoes an energy decrease ȹE with emission of a photon, the time required by this 
transition and the photon's emission cannot be determined with an imprecision less than 

ä/2ȹE. 
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Finally, the uncertainty principle also governs the angular position, Ŭ, and the angular 

momentum, l: ȹŬ . ȹl ² ½ä. 

3.2.10.6 Remarks about uncertainty and imprecision 

For a mathematician, the uncertainty principle describes a relationship between the 
widths of the spectra of eigenvalues [278] of two operators that do not commute (such 
as position and momentum, or energy and duration), widths that are not uncertainties 
rigorously speaking. 
 
Uncertainty may also be due to the width of the wave packet that travels with a 
corpuscle with non-null mass. Another interpretation is that a particle is not a 
geometrical point and has no precise dimension, in spite of it being real and carrying 
energy; in other words, the correct interpretation is counterintuitive fuzziness. 

Example: in Young's double-slit experiment realized with atoms, a single atom 
comes out of both slits with two presence probability distributions, each having its 
maximum probability points, and the probabilities of these distributions add up with 
their amplitudes and phases on the screen, producing interference fringes. The 
atom travels two distinct paths at the same time, with two matter waves each having 
its own amplitude and phase, and these matter waves interfere when they meet. 
This existence of two simultaneous paths is a form of states superposition, as 
already mentioned. 

 
However, the tradition of calling this wave packet width "uncertainty" is so strong that 
some people forget that the various amplitudes of an uncertainty interval do not have 
equal probabilities. 
 
Whatever the interpretation, the consequence of these two types of uncertainty (the 
wave packet width and the Heisenberg uncertainty principle) on determinism remains: 
the accuracy of many determinations is limited; no technical progress may improve it 
ever! 
 
However, limited precision does not imply particles' non-existence, or indetermination in 
the sense of "unpredictable consequence of a cause". 

The precision of a voltmeter limited to 0.5% cannot be interpreted as implying that a 
real potential difference does not exist, or that it is a non-deterministic consequence 
of the circuit's parameters. The real potential difference does exist; its value has an 
imprecision around the value of maximum likelihood displayed, and this imprecision 
is less than 0.5% of the maximum measurable potential difference. We humans 
would prefer a value with absolute precision, but nature ignores our preferences. 

See also below "range of forces and mass of associated particles". 
 
Imprecision 

Á Limits the precision of any measure; the real measured value exists, but it is defined 
within an interval instead of being known precisely. Statisticians may call this a 
"confidence interval", meaning, for example, that the real value has a 95% 



147 
 

probability of being within its bounds, and a small but non-null probability of being 
anywhere outside; 

Á Limits the possibility to predict the exact result of a measure, therefore also the 
precise consequence of an evolution. In addition, after measuring the position of a 
particle with mass (a measure whose precision is necessarily limited), its definition 
interval spreads out until the next measure, if any. 

 
Imprecision is a natural, unavoidable phenomenon, which compels us to reconsider our 
conception of determinism. This phenomenon is due to the intimate connection between 
a moving corpuscle's matter and wave properties. 
 
We shall also see below that for extremely small values of length and time (Planck's 
length and time) our laws of physics no longer apply, which makes some variables 
completely undefined. 

3.2.10.6.1 Physical origin of the Heisenberg uncertainty during a measure 

The limitation introduced by Heisenberg's uncertainty principle originates in the brutality 
of a measure, a physical operation that causes an evolution from atomic to macroscopic 
scale. This brutality causes a loss of information about the system's quantum state, and 
this loss causes the imprecision. 
 
Example: an attempt to measure precisely an electron's speed, using photons with 
enough energy for the measure to be accurate, displaces the electron brutally and 
unpredictably enough to severely perturb a simultaneous measure of its position. Details 
are provided by an analysis of the Compton Effect. 

3.2.10.7 Uncertainty due to the Compton Effect 

Another consequence of the matter waves discovered by Louis de Broglie is the 
Compton Effect, which became its first experimental proof in 1923. A high-energy 
electromagnetic radiation (X rays or gamma rays) interacts with matter on which it falls 
three ways: 

Á By creating a particle-antiparticle pair, an electron and a positron; 

Á By extracting electrons form atoms, a phenomenon called photoelectric effect; 

Á By elastic diffusion of photons by electrons that are free or have very little binding 
energy, diffusion called Compton Effect. 

When a photon with wavelength l hits an electron, it produces a diffused photon 

with wavelength l' and the electron is pushed aside in a direction that forms an 

angle q with the incoming photon. This photon's momentum and energy are split 
between the diffused photon and the impacted electron. If the electron's mass is me, 
the Compton Effect is measured by the equation 
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where h/mec is called the electron's Compton wavelength. 

The Compton wavelength of a particle with mass m is the wavelength of photons 
whose energy is equal to the particle's rest energy, mc². 

 
The equation of the Compton Effect shows that the position or the dimension of a 
particle with mass m cannot be defined with an imprecision better than its Compton 
wavelength [134]. That kind of uncertainty is negligible in macroscopic physics. 

3.2.10.8 Measures, uncertainty and objectivity 

3.2.10.8.1 Each quantum physics measure alters the measured value 

In quantum physics, each experiment using a device at macroscopic scale alters the 
experiment's system; it destroys its initial state, making the experiment irreversible. 
 
For example, it is impossible to measure or simply to observe a passing photon without 
destroying it; the only way to use it in an experiment is to take its energy, all of its energy 

hn because it is quantized and therefore indivisible [117]. 

However, it is possible to absorb the photon by transferring its energy to an atom, 
then recreating it when the atom returns to its previous energy state. However, this 
process takes time, and that time interval may introduce some uncertainty on the 
photon's state [21]. 

With the energy of an auxiliary potential field, it is also possible to make a photon hit 
an atom and change its energy level without absorbing the photon [174]. 

 
In quantum physics, it is not even possible to copy a quantum state without changing it, 
like a file is copied in a computer or a page is photocopied in a copier: see below. 

3.2.10.8.2 Planned measure and actual measure: an example 

Suppose we want to measure experimentally a direction in space, an operation that 
requires measuring the two angles it makes with the orthogonal axes of a reference 
frame. Suppose, for example, that we want to measure in a reference frame Ox, Oy the 
components of a unit vector up associated with the direction of polarization of a plane 
monochromatic light wave. 
 
To determine the direction of vector up, we have a polarization analyzer, a device that 
has two built-in directions ux and uy. This analyzer transmits polarizations parallel to ux 
and absorbs polarizations parallel to uy. A photoelectric cell behind the analyzer informs 

us on the photons that went through it. (Note: A photon is transmitted by the analyzer, or 
it is absorbed; there is no partial transmission, we saw that above.) 
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Suppose now that all the photons we analyze have exactly the same direction of 
polarization up because they were reflected by a mirror acting as a polarizer. 
 
 

 
 
 
If we send the polarized photons toward the analyzer one at a time, some photons will 
go through it and others will be absorbed. If all photons are transmitted, we know that 
up = ux. If all are absorbed, up = uy. However, if only some photons are transmitted, the 
experiment will not help us determine the angles of up with ux and uy. We may then 
conclude that: 

A measuring device measures only what it was built to measure, not what we would 
like it to measure. 

 
In the previous example, the analyzer measures in two built-in directions, and only in 
those directions. The results it provides are elements of the set of eigenvalues of its 
observable [278], in accordance with the 3rd postulate of quantum mechanics. In our 
example, there are two eigenvalues, associated with its eigenvectors ux and uy. In fact, 
the analyzer measures only in the direction of ux, producing only binary results: YES, if a 
photon was transmitted, NO, if it was absorbed. In the direction uy it always answers 
NO. Therefore, it is impossible to determine the direction of polarization of a photon with 
an analyzer using the previous experimental setup. 
 
This impossibility (to measure the direction of polarization of a photon) exists for many 
other variables of quantum physics, for example the direction of a spin vector [22]. In 
many cases, the only response we can obtain for the value a physical variable is binary 
as above, and the experiment perturbs the measured variable. In addition, it is always 
impossible to know the value the variable had before the measure (the value it would 
have had in the absence of measure). In some cases, it is even impossible to suppose 
that a result exists before it is measured, because it is created by the measure! 

Direction of propagation 

x 

y 

ux 

uy 

up 

q 
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3.2.10.8.3 Copying a quantum state - Cloning using molecular copy 

Astute physicists imagined copying a quantum state to obtain an additional copy of a 
particle or system. They wanted to have one or several additional identical copies that 
could be used for measures that perturb their object. Unfortunately, this idea was bound 
to fail: copying requires an action on the copied object, therefore an energy exchange 
that perturbs it exactly the way a measure does. In addition, a measure informs on the 
state after it, not before when it had not perturbed its object yet. 
 
Conclusion: the quantum state of a particle or quantum physics system may not be 
copied without destroying it, or at least perturbing its energy. 

No copying molecular structures, no teleportation 

The previous paragraph predicts that cloning a macroscopic object by copying its 
molecular structure is impossible, therefore that "teleportation" imagined by science 
fiction authors is also impossible [96]. Cloning of living beings is only possible using 
biological processes where reproduction is controlled by the genome and cellular 
mechanisms, and it is difficult and faces ethical objections. 

3.2.10.8.4 Measuring using a large number of particles 

The phenomenon of optics known as polarization of light by reflection was described in 
1808 by the French physicist Etienne-Louis Malus. If we send to the analyzer above a 
large number of photons every second representing an intensity i, the intensity 

transmitted by the analyzer will be icos²q, where q is the angle of up with ux. In other 

words, we will have: up = uxcosq + uysinq (figure above). 

This behavior results from the nature of a plane wave, which behaves like the result 
of two vibrations in perpendicular planes. A plane wave with amplitude A and 
frequency f may thus be decomposed into two waves with frequency f and 

respective amplitudes Acosq and Asinq. In addition, since the intensity of radiation is 
proportional to the square of its amplitude, the intensities measured in two 

perpendicular directions are proportional respectively to cos²q and sin²q. The 
intensity being proportional to the number of photons per second, the probability of 

photons being transmitted by the analyzer is proportional to cos²q. 
 
The state vector up whose direction we want to determine is a linear combination of the 
analyzer's base vectors ux and uy. The probability for a photon to be transmitted by the 

analyzer is therefore proportional to cos²q, and the probability for it to be absorbed is 

proportional to sin²q. 
 
Conclusions 

Á With one measure only (one photon), we cannot know the polarization before the 
measure; and after the measure, it can only be ux or uy: the analyzer perturbs the 
measure without providing the required result. 
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Á With a large number of measures (light is analyzed for some time), we can estimate 
the probabilities of the two results of the measure, which will be the squares of the 
components of the unknown vector up in the reference frame of ux and uy. 

3.2.10.8.5 Conclusions about objective and measured reality in quantum physics 

Á Objective reality, independent of any measure and any observer exists certainly 
before a measure; by definition, it is its state, associated with a point or a vector in 
state space; it can be, for example, a superposition of states. 

The problem is that this reality is inaccessible: without a measure, it remains 
unknown; and with a measure, it is perturbed! 

Á Reality is knowable only using a measure, which perturbs it but provides a result 
that is certain ï albeit chosen randomly within the set of eigenvalues of the 
observable measured by the experiment [278]. In addition, after a measure, the 
reality that existed before the measure no longer exists. Sometimes, many 
measures are required to estimate the probabilities of the coefficients of the base 
vectors. 

 
In atomic scale physics, objective reality may only be known using a mathematical 
theory that predicts it based on postulates. That theory is considered correct because its 
predictions appear very accurate in experiments, and no experiment disproves it. Since 
the size of reality studied is so small that mathematics are required to understand it, 
model it and predict its evolutions, some people who misunderstand physics assert that 
objective reality does not exist; we shall see an example of that opinion below. Their 
reasoning implies that physical reality is limited to what our senses can perceive. Such 
people do not see electrons, but believe in their existence when they touch naked wires 
connected to an electric outlet! 
 
Sometimes such people also interpret Heisenberg's uncertainty principle as another 
proof of the non-existence of reality, a reasoning that only proves their own ignorance. 
So let us see a few more details about this principle. 

3.2.10.8.6 Constraints due to non-independent variables 

Some measurable quantities form with another measurable quantity a couple such that 
the accuracy of simultaneous measures of both values is limited. This non-
independence phenomenon occurs, for example, for energy and duration: we saw 

above that the product ȹE.ȹt must be at least equal to ½ä. 

Example of non-independence: range of forces and mass of associated particles 

The maximum range of a force resulting from an interaction [18] is another example of 
consequence of Heisenberg's uncertainty principle, applied to a couple of measurable 
quantities whose observables do not commute. As we shall see below, interactions are 
quantized: they are associated with exchanges of particles that carry a quantum of 
energy, and that energy E is equivalent to a mass m according to Relativity: E = mc2. 
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Consider a particle with mass m, associated with a force of interaction. This particle is 
emitted and propagates during a short time interval ȹt before it is absorbed and cedes 
its energy ȹE = mc2, which corresponds with its mass m. Now, the uncertainty principle 
states that the energy of a phenomenon with duration ȹt cannot be defined with an 

uncertainty less than ä/(2ȹE) = ä/(2mc2). Since the particle travels with a velocity that 

must be less than the speed of light, c, the maximum distance it can reach is 

d = cȹt = ä/(2mc). Therefore, the order of magnitude of the range of a force associated 

with an interaction particle with mass m is ä/(2mc). 

Á If the particle has no mass, as is the case for a photon, distance d may be infinite; 
that is why the range of electromagnetic interaction is infinite. 

Since the force of gravitation also has infinite range, if it is associated with a particle 
like the other three forces [18], then this particle must have no mass. 

Á If the particle has mass, the order of magnitude of the range of the corresponding 

interaction is ä/(2mc). Example: the particle called meson p, whose mass is 

0.24 10-27 kg, has a range of approximately 0.7 10-15 m (about 1 fermi), which is 
about the size of an atom's nucleus, 100,000 times smaller than the size of the atom 
itself. 

 
The notion of range of a force appears in quantum mechanics, but it has no equivalent in 
macroscopic physics, where the effect of Heisenberg's uncertainty principle is negligible. 
We must therefore, in that case also, extend our definition of determinism. 
 
The graphic below from [270] represents the relative intensity of the 4 fundamental 
interactions [18] for distances varying from 10-4 fermi (fm) to 103 fm, where 
1 fm = 10-15m. We see that 

Á The range of the weak interaction ("faible") is less than 10-2 fm ; 

Á The range of the strong interaction ("forte") is less than 10 fm ; 

Á The gravitation force (exaggerated on the graphic) is much weaker than the 
electromagnetic force (those two forces have infinite range). Example: between two 
protons, the gravitation force is about 1036 times weaker than the electric (Coulomb) 
force. 
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3.2.10.8.7 Objectivity of measures 

Some non-physicists believe that the deterministic nature of macroscopic physics 
always allows results of measures to be independent of experiments, therefore being 
objective, independent of the experimenter. They also believe, however, that since 
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quantum physics measures necessarily perturb measured variables, such measures are 
influenced by the experimenter's interpretation, therefore being always subjective. We 
shall first examine the difference between active and passive measures, and then come 
back to the issue of objectivity. 

Active measures 

I call a measure active when it necessarily exchanges energy with the object or 
phenomenon it measures; this happens, for example, in all quantum physics measures. 
Such a measure cannot but perturb its result, even if the perturbation is negligible in 
macroscopic physics; and the perturbation is always irreversible. 
 
Example: suppose I measure the distance from Earth to Moon by sending a laser beam 
from Earth that reflects on a reflector on the Moon's surface. I can measure the time 
required by the beam to travel to the Moon and back, then calculate the corresponding 
distance knowing the speed of light. Such an experiment was performed successfully 
several times. A non-physicist may believe that such a measure does not perturb the 
distance measured, contrary to quantum physics. In reality, the impact of the laser beam 
on the Moon exerts a momentum on it, which perturbs the distance measured. The 
corresponding error is so small that it is always negligible, but it exists. 
 
Another example is provided by measures using a voltmeter. Such a measure perturbs 
the potential difference measured because the voltmeter uses some intensity for itself. 
The voltmeter's quality, associated with the insignificance of the perturbation it causes, 
is measured in ohms per volt; a voltmeter with a quality of 20,000 ohms/volt perturbs 
measures more than a voltmeter with a quality of 100,000 ohms/volt. 

Passive measures 

I call a measure passive when it does not exchange energy with the object or 
phenomenon it measures. If I measure the angle of a star's direction with the horizon 
using the light I receive from the star, my measure is not perturbed by an energy 
exchange; the same holds true if I measure a book's width using a comparison with a 
graduated ruler next to it. 

Measure objectivity ï Errors of some non-physicists 

When some non-physicists believe that the perturbation resulting from a quantum 
physics measure prevents its objectivity, they are wrong. In fact, the result of a quantum 
physics measure is an eigenvalue of the measured observable [278], and such an 
eigenvalue depends on the experiment but not on the experimenter. Unfortunately, a 
non-physicist does not know what an eigenvalue of a self-adjoint operator associated 
with a measurable quantity isé 
 
Some non-physicists, particularly some philosophers, erroneously believe that a 
measure perturbs what it measures only if it is poorly designed or executed. When they 
learn that in quantum physics a measure always perturbs what it measures, some 
people who misunderstand that field conclude that at that scale objective reality does not 
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exist, and that every experiment is a special case within a context where the 
experimenter cannot but intervene through his mental representations of reality. 

Example 

The French philosopher Jean Staune stated in a debate with another French 
philosopher, André Comte-Sponville, published in article [61] 

"The properties of elementary particles are not invariant; they vary with the way they 
are observed. This negates the possibility of an objective existence of matter." 

 
Mr. Staune has not noticed that scientific knowledge is objective (independent of the 
person who produces it or discusses it). Contrary to his opinion, the properties of 
elementary particles are invariant; this is the case, for example, for rest mass, electric 
charge, spin, and the color and flavor of quarks; and the velocity of photons [117] is just 
as invariant, it is the speed of light. None of those properties depends on the 
experimenter or his method of measure; and the value of each variable exists 
objectively, independently of the person who measures it or discusses it. The exceptions 
to the existence of an objective reality I can think of come from people who are, for 
example 

Á Spiritualists such as Plato, whose opinion is a priori. They believe that only ideas 
exist objectively, and that man cannot be objective since he sees only shadows of 
reality on the wall of the cave where he is held prisoner; 

Á Some historians and philosophers of science, whose non-scientific culture prevents 
them from understanding physics. 

 
The only results that depend on the measure are those whose precision is limited by 
Heisenberg's uncertainty principle. They concern couples of variables measured 
simultaneously, whose observables do not commute because they do not have a 
common base of eigenvalues [278], and their product has the dimension of an action 
[62]; and at least one of those observables (time, kinetic energy, position, etc.) is not an 
intrinsic property of the particle. 
 
Independently of the uncertainty principle, in quantum physics every measuring device 
affects the variable it measures, whose value may only be one of the eigenvalues of the 
observable associated with that variable. 

Example: An analyzer that receives a plane monochromatic light wave filters it, and 
detects only the photons polarized in one of its two privileged directions; polarization 
cannot be observed independently of this direction. Nevertheless, the fact that the 
analyzer has privileged directions (in the absence of which it could not decompose 
light to analyze it) does not prevent the light wave from existing objectively, with its 
own polarization plane. Stating that reality exists only mediated by the man who 
observes it confuses reality and its representation, which is human by definition. 
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Human representations of phenomena at atomic scale are possible only using the 
abstract tools of quantum mechanics, because they are so small. However, that does 
not imply that matter does not exist objectively. 
 
Every measure has a context defined by the experimental setup and procedure, and 
their intrinsic accuracies (remember the voltmeter); but the difficulties this creates do not 
justify negating objective reality. The spiritualists who believe that a measure is possible 
only if a human consciousness performs it are wrong, because we have many automatic 
measuring devices; one example will suffice: the Moon's magnetic field was measured 
from space by an orbiting satellite without any human intervention. 
 
At any time t, the objective reality of a particle is its quantum state, completely and 
accurately determined by 

Á Equations of quantum mechanics such as Schrödinger's; 

Á Measures that produce only results predicted by a law governed by extended 
determinism, each result belonging to the set of eigenvalues of the measuring 
device [278]. 

 
A situation where there is a superposition of states is an objective reality proved by 
experiments such as [1], even if it challenges our intuition. A measure changes objective 
reality R1 at time t1 before the measure to objective reality R2 at time t2 after the 
measure, but that does not prove that R1 did not exist (5th postulate of quantum 
mechanics). 

3.2.10.8.8 Ignorance and hating mathematics 

Many people are intimidated by mathematical sciences such as physics or astronomy. 
They are victims of poor educational methods or teaching skills. People with normal 
intelligence can understand, remember and use many mathematical tools as easily as 
spelling and grammar; they were simply discouraged by poor teaching. 
 
It is impossible to describe an actual reality at atomic scale based on our perceptions, 
adapted to macroscopic scale; we have to use the mathematics of quantum mechanics. 
The obligation to use that kind of representation is considered by some people an 
insurmountable defect of the scientific approach. 
 
This attitude is childish because it postulates the obligation to deduce every 
representation of the world from concepts originating in the perceptions of our senses. 
Since we cannot hear sounds that are too high or too low, and we cannot see 
electromagnetic waves outside the visible spectrum (wavelengths between 0.4 and 0.8 

mm), etc., refusing non-perceptual representations is absurd. Every reality described is 
based on an abstract representation, and there is no reason to limit abstractions to those 
directly based on perceptions; the abstractions based on a priori concepts of the mind 
such as mathematical tools are just as suitable - if not preferable, because they are less 
ambiguous. 
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Polemic 

The only people I know who negate the existence of an objective reality such as matter 
with arguments based on quantum mechanics are spiritualists such as Mr. Staune. They 
try to interpret the conclusions of quantum mechanics as a proof that objective reality 
does not exist, in an attempt to justify the intuitions of their spiritualism (see discussion 
of objectivity and subjectivity). In fact, they criticize quantum mechanics for not 
calculating and proving the essence of particles, in the absence of which for them (and 
them only) particles do not exist. 
 
Unfortunately, they misunderstand quantum mechanics! In fact, when they negate the 
existence of objective reality spiritualists want to refute determinism, to convince others 
of a transcendent intervention of mind in all or part of phenomena observed. Their 
combat is ideological. That is why, in the debate [61], the materialist philosopher André 
Comte-Sponville answered to Staune: 

"You wrote 500 pages to prove an obvious point, that believing in God is always 
possible. But who says it isn't? You won't find any serious philosopher who affirms 
that it is impossible to believe in God! Whether your point of view is logical or 
metaphysical, everyone knows ï read Kant, Hume, Pascal or Montaigne ï that 
believing in God is possible, and that we can prove neither His existence nor His 
non-existence!" 

 
Some spiritualists invoke Bohr's interpretation to negate the fact that quantum physics 
represents reality. (Bohr had recommended, back in 1927, that physicists trust 
mathematical models such as the Schrödinger equation to do their calculations and 
obtain accurate predictions in each experiment, without trying to interpret the results as 
a description of objective reality or of some essence.) Objective reality exists, but each 
experiment is only a special case of reality, where each measure is an irreversible 
transition to the macroscopic scale that only provides a result after the measure, not 
before. All special cases of quantum physics have in common mathematical models that 
are universal, and accurately represent the laws of the Universe at atomic scale. 
 
80 years after Bohr's recommendation, the consensus of scientists about the 
mathematical models of quantum physics is the following: 

Á These models represent accurately all of the reality of physics at atomic scale. They 
describe all we can know. The postulates that assert the accuracy and 
completeness of this representation have never been disproved, but they have been 
confirmed an immense number of times. 

Á These models and the results of measures are objective; they are independent of 
human observers and of what they know or ignore. 

 
We must admit that reality at atomic scale is represented by equations whose results are 
probabilistic wave functions, and by self-adjoint operators with their eigenvalues [278]. 
These concepts are not based on perceptions. It is because our mind must make an 
effort to accept such abstractions that Bohr recommended not to waste time trying to 
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build mental representations of them, but simply trust what they explain and predict, 
including when uncertainty limits their accuracy. 

3.2.10.9 Quantization of interactions and impact on determinism 

The existence of action quantum h reveals a fundamental property of any interaction: for 
a source to physically influence a target (through a mechanical or electrical action, or by 
exchanging heat or electromagnetic radiation, etc.) it must emit an integer number of 
interaction quanta that propagate to that target. Electromagnetic fields exchange 
interaction quanta called photons [117], the influence being radiation; the propagation 
velocity cannot be greater than the speed of light in a vacuum, c. By definition, since it is 
a fundamental unit of the Universe, c = 299,792.458 km/s. There are 4 types of physical 
interactions [18]. 

Example: every energy exchange mediated by electromagnetic radiation, such as 
the transfer of heat from a warm body to a colder body, transfers an integer number 

of photons. The energy of a photon with frequency n is exactly equal to hn, and an 

energy exchange mediated by radiation with frequency n can only happen with 

transfers of integer multiples of hn that are discontinuous quantities. 
 
For more details, see paragraph "An interaction requires an exchange of energy". 

3.2.10.9.1 Difference between quantization and uncertainty 

The discontinuous nature of an exchange of electromagnetic energy - which transfers, 

for each frequency n, an integer number of quanta hn - makes the exchange of 

quantities of energy that are not multiples of hn impossible. This impossibility, due to the 
discrete nature of energy quantities, should not be attributed to a form of uncertainty or 
indetermination. 
 
Here is an example of the difference between a discrete (discontinuous) variable and a 
continuous variable whose value is imprecise. A monochromatic light source that emits 

electromagnetic energy with frequency n radiates each second a discontinuous quantity 

of energy multiple of hn. However, the position of an electron moving in an electric field 
is a continuous quantity whose determination, at a given time, has accuracy limited by 
the greater of the following: 

Á The width of the wave packet that accompanies the electron, making its position 
imprecise; 

Á The existence of a Compton wavelength associated with the electron's mass [134], 
a length that determines the minimum indetermination on its position or size. 

3.2.10.9.2 Quantized energy exchanges and energy conservation 

When electrically charged subatomic particles such as electrons interact, they exchange 
photons [117]. In accordance with the 1st law of thermodynamics [25], each exchange 
conserves total energy between its start, when a photon is emitted, and its end, when 
the photon is absorbed. However, during the short time interval ȹt when the exchange 
takes place, energy is not necessarily conserved: the uncertainty principle permits an 
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energy variation ȹE such that ȹE ¢ ½ä / ȹt. The photon exchanged seems to borrow a 

quantity of energy less than or equal to ȹE during ȹt seconds maximum from the 
surrounding medium (void), then return it at the end of the exchange. 
 
The photon with borrowed/returned energy is called "virtual" because it cannot appear in 
experiments, but such virtual particles that obey the uncertainty principle exist for all 
interactions [18] except, perhaps, gravitation. For more details, see paragraphs 
"Example of non-independence: range of forces and mass of associated particles" and 
"A void full of energy". 
 
Non-conservation of energy, a very real phenomenon negligible in traditional physics, is 
one more reason to extend the definition of determinism of Newton/Lagrange physics. 

3.2.10.9.3 Consequences of the quantization of interactions: another extension of 
determinism 

The determinism of classical physics must therefore be extended to include the discrete 
and quantized nature of all interactions, excluding perhaps gravitation, in contradiction 
with the intuition that made us believe that they are continuous because the action 
quantum h is extremely small at human scale. For example, to increase the temperature 
of 1 gram of water by 1 degree Celsius it takes 12,000 trillions of photons of orange-
colored light! 
 
We saw above that one initial cause, the origin of an interaction, could have several 
consequences, of which one only will be selected randomly. We know now, also, that all 
interactions are quantized (except perhaps gravitation) and that at atomic scale the 
numerical values associated with states consequences of an interaction are discrete. 
 
Determinism that governs physical laws must therefore be extended to allow for 
quantized interactions, and for the discrete nature of some of the state variables of a 
consequence. 
 
See also the quotation of the Fields medal prizewinner René Thom about chance [226]. 

3.2.10.9.4 Quantization of vibrations - Phonons and friction 

Any action on matter acts on its atoms [108]. The energy levels of the different kinds of 
vibrations are also quantized. The quantum of vibrational energy is called phonon. When 
atoms of a group vibrate, whether their vibrations are due to sound waves or alternating 
electromagnetic fields, each atom's energy is quantized, in contradiction with our 
intuition, which would believe it to vary continuously. When a vibration displaces an atom 
from its equilibrium position, by translation or rotation, its movement perturbs 
neighboring atoms and the perturbation spreads gradually. In addition, energy is not an 
atom's only quantized variable, momentum [20] and angular momentum are, too. 
 
Besides various types of vibrations, phonons also play a role in all sorts of phenomena 
of crystalline physics: electric conductivity, specific heat capacity, thermal conductivity, 
superconductivity, ferroelectrics, etc. 
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We must therefore become accustomed to think of many phenomena as quantized, 
discontinuous, and appearing only when some variable is greater than a minimum. 
Example: when two objects are in contact and we try to displace one with respect to the 
other, friction effects affect atoms and result in the existence of a minimum effort and a 
minimum displacement: displacements with friction cannot be continuous. 
 
Conclusion: our intuitive determinism must also be extended whenever there are 
vibrations or movements with friction. 

3.2.10.9.5 Mechanical and thermal effects of light 

Light (electromagnetic radiation) emission or absorption is mediated by photons [117] 
and has three types of mechanical or thermal effects on a material object: 

Á An exchange of thermal energy, where total energy is conserved; 

Á A transfer of momentum from the photons to the object, where total momentum is 
conserved. 

A photon with wavelength l has momentum p = h/l [20]. In spite of its smallness, 
this momentum can have noticeable effects at macroscopic scale: 

¶ A small turnstile (object with blades) revolves when light hits its blades; 

¶ Stars are stable because the pressure of thermal radiation from its core 
balances the effect of gravity on its outer layers; 

¶ The Sun's light exerts on Earth a pressure of about 6 billion newtons, very small 
compared to gravitation. 

Light emission also exerts a pressure on the surface that emits it. 

Á A transfer of angular momentum from the photons to the object, where total angular 
momentum is conserved. 

Light with circular polarization exerts a torque on a surface it hits, a very small 
torque. 

 
Heat exchange phenomena are well known, but transfers of momentum or angular 
momentum are only familiar to few people. Nevertheless, they may have dramatic 
consequences: 

Á Over a period of 28 months, the orbit of artificial satellite Vanguard 1 (nicknamed 
"Grapefruit") moved 1 mile pushed by solar radiation, in spite of Grapefruit's 
diameter of only 6 inches, according to [105] page 823; 

Á One of the methods envisaged to protect Earth against an asteroid that may hit it, is 
sending a team of astronauts to cover part of it with a reflecting sheet of aluminized 
plastic, thus changing the push of solar light on it, therefore also its trajectory. 
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3.2.10.9.6 Photoelectric effects 

The absorption of light by matter produces more than the mechanical and thermal 
effects we just described; it produces three effects collectively called photoelectric 
effects: 

Á Photoelectric emission: when light strikes matter with enough energy, it extracts 
electrons from some of its atoms, and these electrons may be attracted by an 
electric field; 

Á Photoconductivity: a body's conductivity is affected when it absorbs light. This 
property may be used, for example, to measure the amount of light; 

Á Photovoltaic effect: this effect transforms light directly into electricity, which appears 
as a potential difference (a voltage) between the two sides of a junction. This effect 
is used in solar cells to produce electricity. 

3.2.10.10 Impact of various imprecisions on determinism 

Á Uncertainty on variable values introduces extra branches in the causal tree of some 
multistage transformations, the tree that follows the initial state. This multiplies 
possible evolutions among which a choice is made by nature. 

The determinism that governs physical laws must be extended to take into account 
uncertainties that introduce extra branches in the causality tree of an initial situation. 

 

Example: consider a closed cubic container a few inches in size, supposed to be 
empty except for a single molecule of gas. Non-absolute zero temperature imparts 
kinetic energy to the molecule, which forces it to keep moving. Its movement makes 
the molecule bounce on the container's inner surface. The order of magnitude of a 
molecule's velocity at room temperature being 1 km/s, it bounces many times per 
second and its path is a complex broken line. Heisenberg's uncertainty principle 
introduces imprecisions at each point where the molecule hits the container's 
surface: both the point's position and the speed vector of the arriving molecule are 
imprecise. 

Since at atomic scale the container's inner surface is quite rough, even a small 
difference of impact location can change the direction in which the molecule will 
bounce, and the resulting direction is unpredictable. The next rebound may then be 
very different, depending on the direction of the previous rebound. 

In addition, when there are several or many molecules in the container and two 
molecules A and B collide, a collision at a slightly different location on one of the 
molecules, or with a slightly different speed vector, can cause a very different 
rebound. 

Whether a molecule is alone in the container or not, even if we know precisely at 
initial time t=0 its position and speed, the molecule's paths after t=0 make up a 
causality tree where each node represents a rebound, and each branch starting at 
that node a different direction after the rebound. Predicting a path with multiple 
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rebounds is impossible; we can only predict that the actual path will be one of the 
paths of the tree of possible evolutions. 

 

Multi-stage trajectories may end near one or several convergence points: there may 
be several final consequences of an initial cause 
In practice, the various causal chains of a given causal tree are not necessarily 
equiprobable. We then sometimes observe geometrical locations (or points of phase 
space associated with a location and the velocity vector at that location) near which 
the probability that a trajectory will end is much greater than at other locations. Such 
locations are called "attractors" because trajectory ends seem to converge in their 
vicinity; we defined that notion before. 

For more examples of attractors, see paragraphs "Multiple attractors" and 
"Accidents of genome replication and evolution toward complexity". 

 

Finding the cause of a given consequence is impossible 
Another consequence of the uncertainty about a molecule's trajectory is the 
impossibility to know what path it followed to arrive at its current position. A path that 
ended at a known point with a known velocity vector has such uncertainty after 
thousands of rebounds that it is impossible to "view the film of its displacement 
backwards" to know where it started and with what velocity, a fact that contradicts 
philosophical determinism [200]. 

However, at the macroscopic and statistical level considered by thermodynamics, 
the behavior of a gas is deterministic in the classical sense. In a container with 
constant volume, for example, pressure is strictly proportional to absolute 
temperature [121]. 

Á Since Heisenberg's uncertainty principle makes simultaneous determination of 
variables belonging to couples such as position and speed, or energy and duration, 
impossible with guaranteed accuracy, determinism must be extended to allow for 
predictions or measures constrained by the non-independence of some state 
variables and of their imprecisions. 

Á Principles considered obvious in macroscopic physics may be violated in quantum 
physics. We should therefore reconsider the certainty of such rules and the causality 
they imply. Some examples are: 

¶ The energy conservation principle may be violated in experiments where the 
time interval ȹt is very short: since the uncertainty principle requires 

ȹE . ȹt ² ½ä, a particle-antiparticle pair may appear, borrowing its energy from 

surrounding space, travel over a short distance then disappear when its 
components recombine, returning borrowed energy. 

This happens, for example, when a black hole "evaporates" by radiating 
particles and antiparticles, a phenomenon known as "Hawking effect" or 
"Hawking radiation". Following the uncertainty principle, the shorter the duration 
ȹt considered, the greater the temporary violation of energy conservation may 
be (ȹE large). 
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Other violations possible for a short time: momentum conservation, 
conservation of the number of particles (some may appear, disappear or 
undergo a transformation), etc. 

¶ The "tunnel effect" (also called "barrier penetration") allows a particle to pass 
through force (potential) barriers, even though their energy is too small to carry 
them over according to traditional physics. In certain transistors, for example, 
some electrons may pass through insulating matter. This effect is a result of the 
undulatory nature of particles' matter waves: the probability of presence of a 
particle inside or beyond the barrier is non-null. 

¶ The Relativity rule that prevents an interaction to propagate faster than light 
causes particles with negative energy to appear in some calculations. If the 
direction of time (therefore also of causality) is reversed, a negative energy 
particle behaves like a particle with positive energy that travels in the usual 
direction of time, from present to future. A particle with negative energy that 
travels backwards in time is interpreted as an antiparticle with positive energy 
but opposite electric charge that travels forward in time. 

Antiparticle. For causality to act in the usual direction of time, from present to 
future, there must exist, for each electrically charged particle, a particle with 
charge exactly opposite and identical mass called its antiparticle. Examples: the 
electron with negative electric charge -e [150] has an antiparticle called positron 
or antielectron; the antiparticle of the proton is the antiproton; the antiparticle of 
a hydrogen atom (proton+electron) is antihydrogen (antiproton+positron), etc. 

The British physicist Dirac discovered antiparticles in theoretical calculations 
before their existence was proven experimentally. When a particle collides with 
its antiparticle, they annihilate mutually and liberate energy and/or create 
another particle-antiparticle pair. 

Á Since the uncertainty principle is a proven property of nature, the atom model 
proposed by Niels Bohr in 1913, while not entirely erroneous, departs significantly 
from reality. It uses a planetary model where electrons with mass m revolve at a 
distance r around a nucleus, with constant velocity v. 

For this model to be plausible, the uncertainties ȹx on the electron's position x, and 
ȹp on its momentum p = mv, should be negligible compared with r and p 
respectively, which is far from true for the trajectories associated with usual energy 
levels. (We already discussed electron trajectories). 

3.2.11 4th extension of determinism: conservation and symmetry laws 

Here are some more details about the uniformity of the Universe. 

3.2.11.1 Invariance of values and of laws of physics 

Some conservation laws of physics have been known for a long time. They seem as 
obvious as common sense, and completely deterministic in the traditional sense. 
Examples: 

Á The conservation of electric charge compels any closed system that evolves to 
conserve its total electric charge, which can neither increase nor decrease; 
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Á Mass m and energy E are two inseparable properties of a system, whose variations 
are linked by Einstein's famous equation ȹE = ȹm.c². An evolution of a closed 
system always conserves its sum mass+energy. 

 
These two examples show the conservation of the values of variables when a system 
undergoes an evolution. However, since every physical evolution is deterministic (obeys 
laws), it is legitimate to wonder if the laws themselves are invariant: for example, what 
happens when the reference frame of space-time changes? 
 
By definition, if the equation of a law of physics is unchanged in a transformation, it is 
called symmetrical with respect to this transformation. In physics, the term symmetry is 
synonymous with invariance. 

3.2.11.2 Invariance of laws of physics with respect to space and time 

Á Invariance by displacement (translation and rotation) is a consequence of the 
homogeneity and isotropy of space. 

This happens when the replacement of a reference frame R(Ox; Oy; Oz) with 
R'(Ox'; Oy'; Oz') (where R' is deduced from R by a displacement of the origin of 
axes of vector OO' followed by a rotation about an arbitrary axis) leaves the law and 

its equation(s) unchanged. This is the case, for example, for the fundamental law of 
dynamics, f = mr''. 

This type of symmetry is called Euclidian symmetry, because it is a consequence of 
two properties of Euclidian space, homogeneity and isotropy. 

¶ The consequence of space homogeneity is the conservation of the momentum 
vector, mv, of a body with mass m and velocity v, and of the momentum vector, 
p, of a massless particle. 

¶ The consequence of space isotropy is the conservation of the angular 

momentum vector, r Ø mv or r Ø p, where: 
V r is the vector associated with the distance OA between the material point 

A with mass m and velocity v, and the point O about which the angular 
momentum is evaluated; 

V p is the momentum vector of a massless particle; 

V Ø is the vector product operator. 

Á Time-translation invariance is a consequence of the stability of all laws of physics 
with respect to time. If the origin of times is changed, for example if we start 
counting time on January 1st, 2001 (the beginning of the 21st century), all laws of 
physics are unchanged. 

The consequence of time-translation invariance is conservation of the mass and 
energy of an isolated system. 

Time-translation invariance is often abbreviated as time invariance, which creates 
confusion with time-symmetry invariance, also called time-reversal invariance, which 
replaces t with ït in equations to "view the film of events backwards". 
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Á Invariance by Galilean transformations. A Galilean transformation (also called 
Newtonian transformation) changes a reference frame R(Ox; Oy; Oz) to a reference 
frame R'(O'x'; O'y'; O'z') that moves with uniform speed vector v relative to R since 
time t=0 when origin O' was in O. In such a transformation, vector r of R becomes 
r ï vt in R'. 

This symmetry implies that some physical laws are identical for two observers with 
uniform linear motion relative to one another. Its best-known consequence is the 
"principle of additivity of velocities": if, in a train that moves with a velocity of 
100 km/hour, I walk toward the front of the train with a velocity of 5 km/hour, then 
my velocity relative to the tracks is 100 + 5 = 105 km/hour. 

This type of symmetry is part of the fundamental assumptions of Newton's classical 
mechanics [110]: space is absolute throughout the Universe, and so is time. These 
assumptions and the symmetry itself are approximations, valid only if velocities are 
negligible relative to the speed of light, c (see next paragraph). 

Á Relativistic invariance. In 1887, Michelson and Morley measured the speed of light 
and found it constant in all directions of space. This speed does not add up with the 
velocity of Earth as it moves around the Sun (30 km/s), the solar system moves 

toward the star d of constellation Lyra with a velocity of 20 km/s, and the galaxy 
itself rotates. The speed of light is invariant; it is a constant of the Universe. 

To account for this invariance, Lorentz proposed in 1904 a linear transformation that 
preserves the symmetry of the laws of dynamics: simply replace the Galilean law 
r' = r - vt by a law that changes space and time simultaneously. This transforms 
coordinates in the (R) reference frame, x; y; z; t, into coordinates x'; y'; z'; t' in the 
(R') frame, as follows: 
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Lorentz transformation used in Special Relativity 

 

(Hypotheses: the axes of (R) and (R') are parallel; the motion of (R') relative to (R) is 
parallel to Ox at constant velocity v; and time t=0 in (R) is the same as time t'=0 in 
(R').) 

This type of invariance is also called relativistic symmetry, since it is used in 
Einstein's Special Relativity theory. 

When relative speed v is very small compared with c, this transformation is 
equivalent to the Galilean transformation 

x' = (x - vt) ;   y' = y ;   z' = z ;   t' = t 
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Relativistic symmetry: 

¶ Contracts or expands space (lengths) depending on the direction of 
displacement relative to an observer; but (surprise!) a moving sphere remains 
spherical, it does not become an ellipsoid; 

¶ Expands time for a moving clock, which runs late relative to a motionless clock; 

¶ Separates two events that are simultaneous in (R) but at a distance ȹx of each 
other, both in space and time in (R'). 

That affects causality, therefore determinism: if two simultaneous events A and 
B are in distinct locations, one cannot be the cause of the other; but seen by an 
observer, C, in a location distinct from A and B, they are no longer 
simultaneous. If the observer in C does not know the positions of A and B and 
their simultaneity, he may believe that one of those two events caused the 
other. For further details, see the appendix about Minkowski space-time. 

Relativistic symmetry conserves the laws of dynamics under the condition that 
lengths, durations and masses are transformed in accordance with Lorentz 
equations. Indeed, when the mass of a body at rest is m0, when its velocity is v it 
becomes m, such that 
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This formula implies that a body with mass cannot reach the speed of light, c, 
because its mass would become infinite. The total relativistic energy of a body with 
rest mass m0 and velocity v is 
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This energy tends to infinity when v tends to c: to accelerate a mass m0 until it 
travels at light speed requires an infinite amount of energy; therefore, no body with 
mass may reach the speed of light, and the world's most powerful particle 
accelerators cannot give one of them more kinetic energy than about 10,000 GeV 
(1.6 10-6 joule), which corresponds for a proton to 99.9999995% of the speed of 
light. 



167 
 

3.2.11.3 Invariance and conservation laws 

In 1918, Emmy Noether proved that invariance of a theory of physics relative to a 
continuous transformation always implies the existence of a law of conservation of a 
quantity. All the symmetries we just described are continuous, and here are a few more: 

Á Conservation of total charge during a transformation is guaranteed separately for 
electric charge, baryonic charge and leptonic charge. 

Á Mirror symmetry, the symmetry of a mirror image relative to its object, leaves 
unchanged the gravitational, electromagnetic and nuclear interactions described in 
[18], but not the weak interaction; it also conserves the fundamental laws of 
dynamics. 

Mirror symmetry is called "parity conservation in quantum mechanics" or 

"P symmetry". It generates a spatial reflection of the wave function: Py(r) = y(-r). 

Á Time-reversal invariance reverses the direction of an evolution. It replaces t with ït 
and makes us "see the film of events backwards". We already saw an example. The 
four fundamental interactions [18] are invariant in this transformation, called 
"T symmetry". The fundamental laws of dynamics are also invariant in T symmetry. 

Á Charge conjugation, also called "C symmetry", replaces a particle by its antiparticle 
in equations. Every particle has its antiparticle, with the same mass, the same 
lifetime but opposite charge quantum numbers. Charge conjugation should not be 
confused with charge conservation, described above. 

The fundamental laws of dynamics are also invariant when all charges are replaced 
with charges with opposite sign. 

Like symmetries P and T, symmetry C is such that two successive transformations 
leave state unchanged. 

For symmetry with respect to charge conjugation, the Universe should be electrically 
neutral and have as many particles as antiparticles of each kind. It should, but 
observations show that this is not the case, and today we do not know why. 

Á CPT invariance is a property of laws of physics that are invariant when the three 
symmetries C, P and T are applied simultaneously. Such a law is identical in our 
Universe and in a hypothetical Universe where all particles would have become 
antiparticles, the right hand would have become the left hand like in a mirror, and 
time would pass backwards! 

If a law that describes a physical phenomenon violated the CPT invariance, it would 
contradict all the laws based on quantum field theories and the causal principle. 
Therefore, CPT invariance is one of the founding principles of scientific determinism 
[9]. 

3.2.11.4 A void full of energy 

The word void (or vacuum) designates a space without matter or energy; we shall now 
see that this view is simplistic. 
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3.2.11.4.1 The void of quantum physics 

In quantum physics, a void is a space where energy has the minimum possible value. 
The space that surrounds matter (comprised of leptons and quarks) is subject to 
interactions [18] resulting from force fields. At each of its points, there is electromagnetic 
radiation carrying energy. 

Quantum fluctuations 

Heisenberg's uncertainty principle ȹE.ȹt ² ½ä prevents energy from being defined at a 

given point of space with an uncertainty less than ȹE during a given time interval ȹt: at a 
given point energy is unstable, it can fluctuate randomly. Such quantum energy 
fluctuations are called virtual because they cannot be observed experimentally. They 
can occur, spontaneously or excited by a particle or radiation, and an occurrence can 
lead to the temporary formation of a particle-antiparticle pair. To appear, such a pair 

"borrows" a quantity of energy ȹE from surrounding vacuum during a time ȹt ¢ ½ä/ȹE. 

All four interactions [18] make the particle and antiparticle attract each other as soon as 
they appear, and when they meet, they annihilate, returning borrowed energy. 

The quick annihilation is unavoidable in flat (non-curved) space-time. However, in 
the very early Universe, when space-time was sharply curved, especially during the 
short inflation period, a particle and its antiparticle may have been separated too 
fast and too far apart to attract each other and disappear, they may have become 
permanent. This phenomenon continues to this day when black holes "evaporate". 

 
The presence of a pair of particles with opposite electric charges creates a polarization 
of the vacuum and deforms it. This results in a field that acts on a particle's electric or 
color charges. 

The field's action on a particle decreases with its distance in an electromagnetic 
field or gravitational field. However, a color field's action on a quark by strong 
interaction increases with distance: the energy required to separate the quarks of a 
pair increases with their distance, and as soon as this energy suffices to separate 
the quarks, it is absorbed by the creation of two pairs of quarks. Two new quarks 
appear then, to form a new pair with each of the quarks just separated! This 
phenomenon prevents quarks from being isolated during more than an extremely 
short fraction of a second. 

The Casimir effect 

Polarization of vacuum with creation of particle-antiparticle pairs appears in the "Casimir 
effect", predicted in 1948 and observed in 1996: when two conductive plates are moved 

very close, at a distance of only a few micrometers (mm), some electric charges are 
eliminated and the system's energy decreases. A Casimir force appears between the 
two plates, inversely proportional to the fourth power of their distance (1/d4). This force 
has been measured and the results confirm the theory. 

Conclusions 

Contrary to our intuition, the vacuum around atoms and other particles contains energy 
and quantum fields of forces. At each point, vacuum energy may fluctuate randomly, 
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borrowing energy for a short time to create particle-antiparticle pairs, then returning it 
when they meet and annihilate. These fluctuations may also create electric fields. 
 
Quantum fluctuations are another example of randomness in determinism. When an 
energy fluctuation occurs spontaneously (without external excitation,) it is impossible to 
predict 

Á The location where a particle-antiparticle pair will appear; 

Á The time when it will appear; 

Á The quantity of energy that will be borrowed. 

Fluctuations and statistical determinism 

A fluctuation that creates a pair of virtual particles randomly obeys statistical 
determinism: on average, energy near a given point is time-invariant in the absence of 
external perturbation. 

A temporary violation of the second law of thermodynamics 

Quantum fluctuations are also associated with temporary violations of the second law of 
thermodynamics: during a fluctuation, entropy first decreases when a particle-antiparticle 
pair is created, then increases and returns to its previous value when the pair is 
converted back into energy. 

Higgs field and boson 

Some fields of quantum void have an average value of zero. One field, the Higgs field, 
has a non-null average value, and (according to the standard model of physics [59]) its 
interaction with the leptons and quarks of matter explains their mass and indeed 
gravitational attraction in general. This interaction is mediated by a particle called Higgs 
boson, whose existence scientists attempt to confirm using the world's most powerful 
particle accelerators, the Large Hadron Collider (LHC) of CERN (European Organization 
for Nuclear Research) [262], and the Tevatron of Fermilab, at Batavia (Illinois). 

3.2.11.4.2 Planck distance, time, density and mass 

The notion of Heisenberg uncertainty also applies to the uncertainty about a distance dp: 
when a distance is less than dp, physical space itself may no longer be considered 
continuous, and our laws of physics (including quantum mechanics) no longer apply. 
This minimum distance, dp, called "Planck distance" or "Planck length" is 
 

Ὠὴ=
äὋ
ὧ3  =  1.6 10-35 m 

 
 
At the beginning of the Universe, for a very short time after the Big Bang, the energy 
density was so high that it could make particles get closer than Plank length. The 
Universe immediately started to expand - actually creating space or occupying space in 
an encompassing universe, we shall never know ï which diluted its energy. This 
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expansion continues to this day, but it never again allowed the existence of a position 
where energy density was sufficient to force particles to get closer than dP, except in 
black holes. 
 
No distance less than dP makes sense for a physical phenomenon. Space continuity 
does not exist for such distances, contradicting the assumption of Newtonian 
determinism. 
 
At the beginning of the Universe, immediately after the Big Bang, there also was a time 
interval during which the energy density allowed all particles to merge by getting closer 
than dP. During that time interval, our physical laws do not apply. That duration is the 
time required for light to travel the Planck distance dP. It is called Planck time tP = dP/c. 
 

ὸὴ=
ÔὋ
ὧ5  =  0.54 10-43 s 

 
 
At Planck time tP, the Universe was extremely dense, its density (called Planck density 
DP) being 
 

Ὀὴ=
ὧ5

ÔG²
=  5.1 1096 kg/m3 

 
 
That is a colossal density: its order of magnitude is that of about one hundred galaxies 
packed within the volume of an atomic nucleus! 
 
The Planck mass mP is defined as the quantity of matter or energy within a cube with 
sides equal to dP 
 

άὴ=
Ôὧ
Ὃ

 =  2.2 10-8 kg 

 
 
An object with mass mP and size dP would be a quantum black hole with diameter dp. 
This size is very close to the object's Compton wavelength [134], a distance such that 
any smaller particle is fuzzy: its position and size are ill defined according to quantum 
mechanics. 
 
Conclusion: when a dimension, a time or an energy is less than its Planck value, or 
when an object has one of its dimensions less than its Compton wavelength: 

Á It is impossible to consider space, time or energy continuous; 

Á It is not even possible to apply the laws of quantum mechanics, except for 
Heisenberg's uncertainty principle; 



171 
 

Á The laws of physics governed by traditional determinism are erroneous and even 
quantum mechanics no longer applies; a synthesis of quantum mechanics and 
Relativity is required, but it is not yet available. 

Therefore, no causality may be invoked beyond Planck time and the philosophical 
notion of first cause becomes meaningless beyond [17]. 

3.2.11.4.3 Cosmic space is far from empty 

At the opposite end of size scales, the vacuum of cosmic space contains much more 
total matter+energy than the total we observe in stars, planets, asteroids, cosmic dust 
and low pressure gas, even if we add the energy of the various types of radiation that 
travel through astronomic space. (The addition is justified by Einstein's equivalence 
equation E = mc².) If we also add the masses of all black holes, that we do not see but 
whose visible gravitational effects are spectacular since some may contain a billion 
times more mass than the Sun, the vacuum of cosmic space appears far from void. Yet, 
the total mass+energy we can see - or see the effects of for black holes - represents 
only 4% of the mass of the Universe; and we can see about 400 billion galaxies. 

Applying the laws of dynamics to the visible motion of galaxies, satellite galaxies 
and globular star clusters shows that in each galaxy and its vicinity there is a huge 
mass of matter. This matter is called "dark matter" because it is invisible: it does 
not emit or absorb light, so its existence can only be deduced from its gravitational 
effects. Its invisible mass represents about 22% of the total mass of the Universe. 

The early Universe contained spherical areas of dark matter called "halos", where 
the galaxies we see formed in their centers. These halos still exist, and their huge 
mass is the reason why satellite galaxies and globular star clusters revolve so fast 
around major galaxies. 

3.2.11.4.4 Cosmic expansion 

Precise measures of the distances and velocities of distant galaxies show that the 
Universe is expanding, its radius increasing faster than the speed of light, c (estimate: 
1.8 times faster). Since the time when the visible Universe [38] was 400,000 years old, 
its radius was multiplied by a factor of about 1000, and its volume increases nowadays 
by about 8 quadrillion (1015) cubic light-years per minute, a truly astronomical number! 
 
After the first 8 or 9 billion years during which expansion slowed down, it started to 
accelerate and continues to this day. The Universe is subject to two opposing forces: 
gravitation, which tends to bring galaxies closer together, and a mysterious negative 
gravitation, which tends to pull galaxies farther apart by expanding the Universe itself. 
This negative gravitation is attributed to a "dark energy", about which we know nothing 
except that its expansion effect exists, and that it represents about 74% of the total 
mass+energy of the Universe. 
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Expansion of the Universe since the Big Bang (source: [267]) 
The graphic shows the opposing influences of dark energy and gravity 

 

Gravitation versus expansion 

However, gravitation that concentrates matter to form stars and black holes does not 
prevent space expansion due to dark energy, which pulls galaxies farther apart. In other 
words, Universe curvature due to masses that create gravitation is independent of 
expansion [269]: the forces of gravitation and dark energy are distinct. Entropy increase 
required by the 2nd law of thermodynamics [25] happens both when gravitation 
concentrates matter and when expansion dilutes it, since these two independent 
phenomena both obey thermodynamics! 
 
It is therefore necessary to explain why cosmic expansion does not break apart matter 
objects and cosmic structures such as the solar system and our galaxy. The reason is 
simple: the 4 forces of the standard model [18] [59] that hold together atoms, molecules 
and crystal structures are far stronger than the expansion force due to dark energy. One 
of those 4 forces is gravitation that explains the cohesion of planetary systems, galaxies 
and galaxy clusters: in spite of that force being the weakest of the 4 forces, it is still 
much stronger than the expansion force. The latter's action is therefore observable only 
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far from all matter and dark matter, between galaxy clusters, over distances of at least 
100 million light-years. 

3.2.11.5 Conclusions about symmetries and conservation laws 

The 4 types of interaction [18] conserve 

Á Energy; 

Á Momentum; 

Á Angular momentum; 

Á Electric, baryonic and leptonic charges; 

Á Spin [22]. 
 
The table below attributes conservation laws to their physical origin. 
 
 

Conservation laws Physical origin 

Energy 
of an isolated system 

Homogeneity of time 
(invariance in a translation 
of the origin of time) 

Momentum 
of an isolated system 

Homogeneity of space 
(invariance in a translation 
of the reference frame) 

Angular momentum 
of an isolated system 

Isotropy of space 
(invariance in a rotation) 

Invariance in a CP symmetry Left-right symmetry of space 

Invariance in a T symmetry 
Symmetry of time 
(replacing t with ït) 

Electric charge 
of an isolated system 

Unknown 

Baryon charge  
of an isolated system 

Unknown 

Lepton charge  
of an isolated system 

Unknown 

Strangeness 
of an isolated system 

Unknown 

Physical origin of conservation laws 
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The presentation of symmetry and conservation laws above shows that nature's 
determinism has many counterintuitive behaviors. Some are unexplained: we do not 
know, for example, why the Universe is comprised almost exclusively of matter and 
contains no antimatter or almost none - our theories predict equal masses of matter and 
antimatter. We have also seen that the uncertainty principle allows violations of energy 
conservation during very short time intervals. 

3.2.12 5th extension of determinism: complexity, unpredictability, computability 

Some physical phenomena behave so strangely that they seem not to obey any simple 
law; their outcome seems unpredictable. Here are some examples. 

3.2.12.1 Result of a large number of deterministic phenomena 

Example 1: Brownian motion 

In a gas, molecules cannot stop moving. Their agitation, called Brownian motion, results 
from the gas' temperature. At absolute temperature T [121], each molecule has an 
average kinetic energy of 3/2 kT, where k is Boltzmann's constant, 
k = 1.38066 10-23 joule by Kelvin degree. We saw that above. 
 
Each molecule moves independently of the others, but they often collide. Since the 
number of molecules by unit of volume is huge (2.7 1025 molecules/m3 at standard sea-
level atmospheric pressure) the number of collisions per second in such a volume is 
huge too. The trajectory of a specific molecule is therefore unpredictable, in spite of its 
motion following a straight line at uniform speed between collisions. If there is a small 
hole in the container that holds the gas, predicting which molecule will be the first to exit 
the container through that hole is impossible. 

Example 2: morphology of snowflakes 

A snowflake is the result of the formation of one or several ice crystals that have a 
hexagonal symmetry. Many variables affect the formation and grouping of those ice 
crystals, making that phenomenon so complex that it can produce dozens of different 
snowflake morphologies [288]. The number of combinations of those ice crystals is so 
large that a given snowflake may be considered unique, or that it may be a hundred 
years before an identical snowflake forms. The physical phenomena affecting the 
formation of ice crystals and their grouping into snowflakes are deterministic and fairly 
well known. However, it is impossible to predict which exact snowflake morphology will 
be observed in given circumstances, even when such circumstances are accurately 
achieved in a laboratory. 
 
Conclusion: whenever a large number of deterministic behaviors interact, the evolution 
of one specific phenomenon is unpredictable, as is the outcome of their interaction. 
Determinism is not disproved; unpredictability results from the huge number of 
interactions, and only from that number. To account for this natural cause of 
unpredictability, determinism must be extended to assert that simultaneous action of 
many phenomena that are deterministic in the traditional sense has an outcome that is 
unpredictable because it is extremely difficult to calculate. 
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The result of a large number of simultaneous deterministic phenomena 
is unpredictable because it is too difficult to calculate. 

 
 
However, it is often possible to represent the global (statistical) evolution of a system's 
variables (such as its average temperature, average pressure and percentages of 
various components if it is a chemical solution) by the probability density [28] of 
occurrence at the point that represents it in a phase space whose axes represent the 
variables and time; at each time t, for example, we shall know for each elementary 
volume near a point of this space its probability of occurring. For a given set of values of 
its variables, we will know how its probability of occurrence varies in time. This 
probabilistic approach using phase space differs from the traditional approach based on 
trajectories in geometrical space; it has been studied by Ilya Prigogine, who described it 
in [26], and it is also suitable for systems whose evolution is irreversible, contrary to the 
approach based on trajectories. 

3.2.12.1.1 Statistical mechanics 

The science that describes and explains properties of matter such as thermal properties 
by reasoning on a population of molecules is called statistical mechanics. It combines 
the laws of traditional and quantum mechanics with the approach of statistics, to predict 
the properties of macroscopic systems based on those of its molecules. It interprets the 
average kinetic energy of molecules as the system's average temperature, and deduces 
the laws of thermodynamics from such statistical properties. It replaces the difficult 
calculation of separate time evolution (position, speed) of each molecule by the average 
of molecule speeds in the system's population. 

3.2.12.2 Determinism + complexity = unpredictability 

We already saw that the effect of many simultaneous deterministic processes governed 
by the same law could make the result of each one of them unpredictable in practice. It 
is therefore not surprising that the combined effect of many simultaneous deterministic 
processes governed by different laws is in general also unpredictable. In both cases, 
unpredictability increases with process interplay. 
 
Such unpredictability occurs, for example, in complex computer operating systems, in 
flight simulation software, and in physiological processes. 
 
Example: an operating system of the Windows family executes in general hundreds of 
threads simultaneously, where a thread is an independent program instance running in 
parallel with other threads and interacting with them through message and data 
exchanges; a thread may also stop and wait for one or several other threads to complete 
execution before it resumes its own execution. As I am writing this text using 64-bit 
WORD 2007 under 64-bit Vista Ultimate, my operating system executes 792 threads in 
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parallel, belonging to 58 distinct processes. A human body has hundreds of independent 
or interdependent mechanisms, governed by the hyper-complex genomic software 
interpreted by cellular mechanisms, and by the 100-billion-neuron brain. 

(10 billion neurons, according to [272] page 15 and [124] article "The neuron"; 100 
to 1000 billion according to [274]: some scientists who specialize in life sciences are 
not as rigorous as physicists are!) 

 
The behavior of such complex systems appears more predictable in circumstances that 
occur frequently. Their response to a frequent event has been observed so often that it 
has become predictable by habit. I know how to move a file of my PC from a folder to 
another, and I never feel surprised when I observe how it reacts to a copy-and-paste 
operation using the file's icon and the mouse. I can also predict my body's reaction to 
particular situations such as touching a hot object with my hand, which causes me to 
feel a burn. 
 
However, infrequent circumstances or events cause unpredictable or surprising 
behaviors of a complex system. Example: an Internet message that causes a buffer 
overflow in some PCs by taking advantage of a protection default in a software object of 
the operating system, can take over the PC, enslaving it to another system, located 
thousands of kilometers away, to make it participate in a devastating attack of a bank 
server. If the designers of the PC's operating system had predicted the possibility of 
such an attack, they would have implemented the necessary protections. However, 
since they have not predicted this attack, the incoming Internet message causes an 
unpredicted reaction. 
 
Conclusion: in spite of all software consisting only of deterministic algorithms, a complex 
combination of software and circumstances (events or data) may have an unpredictable 
behavior; the behavior may also be difficult to explain after the fact, knowing the effect. 
 
In some cases, a physician cannot diagnose his patient's disorder. Some stomachaches 
can remain unexplained in spite of a number of examinations and the use of many 
drugs. The human body is so complex that its processes are far from being as well 
understood as software algorithms, and the complexity of the mind is even greater [51]. 
 
Complexity of structure and circumstances may make a completely deterministic 
system's behavior unpredictable. 

3.2.12.3 Modeling complex systems 

So far, in this book, we considered a physical situation as being the cause of a 
predictable deterministic evolution. This simplification is not suitable for complex 
systems such as a human body, its psyche, or a country's economy. In such systems, a 
situation at a given time takes into account thousands of simultaneous processes, some 
of which interact with others. In a human body, for example, the genome controls 
thousands of chemical reactions that participate in the functioning of all organs. In a 
human brain, many thinking processes are under way in the subconscious at a given 
moment, not counting conscious thoughts. 
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The number and the variety of processes in systems such as living beings are such that 
we do not know them well enough to model them [51]; the absence of a model then 
makes predicting their behavior impossible. 
 
A system may be modeled if its description comprises only processes with a known logic 
that may be described using a computer language. The number of processes running in 
parallel is not a problem, since modern computers can execute models that comprise 
thousands of simultaneous processes. Knowing a process implies knowing its input 
variables (whose values are supplied by the system's environment or by other 
processes); its output variables (whose values are passed to the system's environment 
or to other processes); the logic of its responses to various events or requests for 
service with their corresponding response times, etc. 
 
A computer model with multiple simultaneous processes behaves like the same number 
of independent computers that calculate simultaneously and can exchange messages 
with each other and with the environment. A process may start or stop another process; 
exchange messages with it; wait for an event coming from the environment or from 
another process; perform a calculation based on data received or found in memory; take 
time into account to run at the same speed as the reality it simulates, etc. A process may 
coordinate other processes. It may also provide services to them such as recovery from 
malfunctions; managing message queues; take notes in journals of events useful for 
subsequent traceability; protecting against intrusions; handling external communications, 
etc. 
 
We know how to make computer models reliable enough to be entrusted with human 
lives; this is the case, for example, with the electronic flight systems of modern aircraft, 
and with their automatic pilots and blind landing systems. The danger, then, is in faulty 
specifications where certain types of events or situations were omitted, causing the 
absence of adequate response logics in the model. This issue is addressed by making 
many tests ï some with random input variable values, by accumulating experience, and 
by allowing a man to take over control in case of emergency. 
 
Computer modeling also allows, for example, reconstructing astronomical phenomena 
that lasted for hundreds of thousands of years such as the formation of a planetary 
system from interstellar gas and dust specs. Such modeling is possible because we 
know the laws of dynamics and the initial parameters required by the simulation. 
However, our knowledge of human physiology, for example, is not sufficient today for 
modeling accurately even a particular function of life such as assimilating food. Our 
understanding of economy suffices for building models that are too inaccurate to predict 
economic crises or even financial crises, even when the political situation is supposed 
stable. 
 
For all those reasons, in this text we will continue to assume that situations are simple 
enough to be deterministic; the only exceptions will concern human behavior. 
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3.2.12.4 Statistical analysis of complex systems 

To solve a problem, we often do not need the level of understanding provided by a 
model with deterministic processes. For example, to treat some diseases we do not 
need a model of man's corresponding vital processes; we can make do with the 
appropriate drug or association of drugs. It is often sufficient to study a complex 
system's response to specific actions or circumstances, without really trying to 
understand it. 
 
We then perform experiments (or collect statistics on populations) where we vary some 
parameters, noting all corresponding system responses. For example, we test in a given 
climate and on a given type of soil the yield of various varieties of wheat, grown with 
various quantities per acre of various fertilizers. The experiments must then be 
organized to produce as much information as possible with as few experiments (or as 
small a tested population) as possible. In this text, we shall only quote the names of a 
few statistical methods used to organize the experiments and interpret their results: 
analysis of variance, factorial plans, Latin squares, regression analysis, correlations, etc. 
 
Such methods inform us about the responses to certain combinations of variable values, 
about the level of confidence we may have in those responses, and on the likely 
influence of other variables that were not taken into account. 
 
Such methods can often find the combination of parameter values that maximizes an 
economic function: they may be used to optimize a set of parameters. Example: during 
four years I carried out experiments to find the parameters for fastest possible drilling of 
certain sizes of holes in certain types of cast iron, while respecting constraints of hole 
geometrical quality and drill life between grinding operations; the results were 
spectacular. 

3.2.12.5 Complexity and medical decisions 

In the field of medicine, many situations are complex. The available knowledge is both 
partial and uncertain: 

Á Partial because we know only some of the phenomena at play; 

Á Uncertain because applicable evolution laws are like this statement "with this 
medication we observe 70% healing after 5 years, whereas without it we observe 
80% fatalities within 2 years." 

 
In such cases, there is no risk-free decision and patients risk their lives. Probabilistic 
rationales may be used when statistics are available and meaningful about a population 
sample with sufficient size. However, when this is not the case, for example when the 
disease is rare and statistics are based on a very small sample population, what to do? 
 
Probabilistic rationales consider all possible decisions; for each one, they evaluate its 
probability of success, and the benefits and secondary effects to be expected, such as 
number of years of survival, pain during that time, etc. The conclusions are summarized 
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in a table, whether they are quantitative or only qualitative, and discussed with other 
physicians and, if possible, with the patient; then a decision is made. 
 
In less serious or less urgent cases, doctors often base their reasoning on risk factors 
and protective factors. 

Risk factor 

A risk factor is a situation element whose intervention in the disease or disorder is 
certain. Example: smoking is a risk factor in lung cancer. A risk factor increases the risk 
to develop the disorder, but it does not suffice to entail it: many heavy smokers died very 
old without having ever suffered from lung cancer; however, statistics on a sizable 
population show that heavy smokers suffer from lung cancer far more frequently than 
non-smokers do. 
 
The term risk factor is used when other factors intervene (whether they are known or 
not) and meaningful statistics or correlations are available. An important particular case 
occurs when a risk factor, A, intervenes only when another risk factor, B, also 
intervenes. 

Á If A requires B, it is possible that the risk of developing the disorder is not associated 
with A but only with B, and that most often when B is present, A is present too; that 
is why one may think that A is a risk factor. We then need serious research to 
determine the respective roles of A and B; 

Á If A requires B, there may be an interaction between A and B. For example, B may 
amplify the effect of A when it is present beyond a certain limit. 

 
From a quantitative point of view, each time it is possible, a relative risk value is 
associated with a risk factor. The relative risk is a coefficient by which one multiplies the 
probability that the risk factor will cause the disorder. Example: a person who has risk 
factor A has 15% more chances of developing the disorder than the average person. 

Protection factor 

Sometimes a risk factor, A, is less important when another factor, B, is present. For that 
reason, B is termed a protection factor. The protection factor, B, has no beneficial role in 
itself; it only intervenes to attenuate the risk associated with A. That can happen two 
ways: 

Á Either the protection factor is defined as the negation of the risk factor. Then, 
asserting the presence of the protection factor implies negating the presence of the 
risk factor, or asserting that on a continuous scale of risks a patient is "rather on the 
protected side" or "on the risk side". Example: a high cholesterol level is a risk factor 
for obstruction of coronary arteries, whereas a low cholesterol level is a protection 
factor for this pathology; 

Á Or the protection factor is defined as a cause that opposes the risk factor, which 
prevents it from intervening or decreases its effect. Example: acquiring immunity to 
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a disease by vaccination generally prevents developing the disease or strongly 
reduces its probability. 

Conclusions 

This approach seems correct to me, given the knowledge available in the field of 
medicine. However, I observe that the habit of reflecting and deciding in a field where 
knowledge is so insufficient makes some doctors I met lack rigor in their thinking: they 
often disagree with each other about facts and approaches; their opinions are often 
based on ideologies; and they lack open-mindedness. I believe that medical education 
and publication habits are not conducive to rigorous thinking, just as my own hard 
sciences-based education is not conducive to understanding human feelings. 

3.2.12.6 Remarkable results of some computable processes 

3.2.12.6.1 Algorithm for calculating pi - Random sequence of integer numbers 

(Definition of an algorithm: [69]) 
 

Consider the sequence of decimal digits of pi (p = 3.1415926535é), a number 
computed a few years ago with an accuracy of over 200 billion decimal places. The 
sequence of known decimal digits of pi does not follow any rule that would let us 
compute the Nth digit knowing some or all of the previous N-1 digits; that is a reason for 
considering it random. 
 
Example: the formula for calculating pi given by John Machin in the 18th century is 
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Since there is no software that calculates to an infinite number of decimal places, but 
only programs that guarantee N decimal places for each individual operation (where N 
may be as large as several thousand), the calculation of each term of a series such as 
Arctgx has limited precision, and the errors on the various terms add up. 
 
The algorithm for calculating pi is deterministic in the traditional sense. Its result, the real 

number p, is predictable with an accuracy that depends only on the precision of the 
calculations. Since its decimal representation has no regularity that would allow the 
calculation of the Nth decimal digit knowing some or all of the previous digits, the 
algorithm for calculating pi is a deterministic process that produces a digital 
representation with unpredictable irregularities, an unpredictability which is true in any 
base and not only 10. 
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In other words, for any integer M>0, any algorithm for calculating pi generates a 
sequence of random integer numbers with M digits, each number being a sequence of M 
decimal digits of pi; and this sequence of random integers is infinite and non-periodic 
[98]. 
 
The deterministic nature of a process does not necessarily imply the existence of a 
representation of its result whose structure has some form of regularity or predictability  
such as a periodicity or symmetry. 

The sequence of decimal digits of a fraction is periodic; example: 22 divided by 7 
equals 3.142857 142857 142857     where the 6-digit sequence 142857 has an 
infinite number of occurrences. Some real numbers such as pi have a non-periodic 
decimal representation [56]. 

Conclusion 

When a succession of values or concepts seems random because we see no structural 
rule it satisfies, it may in fact be the result of a deterministic phenomenon such as the 
series of sequences of M decimal digits of pi generated by an algorithm. 

3.2.12.6.2 Studying population dynamics 

Research in the field of evolution of human or animal populations limited by the ability of 
the environment to support them brings about mathematical models such as the 
sequence: 
 

xn+1 = axn(1-xn) 
 
where n is the index of the year, xn is the constant or average value of variable x 
(population) during year n, and a is a constant. 
 
Example: with a = 4 and x1 = 0.7, this sequence has successive values of x when n 
varies from 1 to 251 represented by the bar chart below: 
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Sequence of values xn+1 = 4xn(1-xn) where x1 = 0.7 and n varies from 1 to 251 

 
 
This is another example of a deterministic evolution whose results vary unpredictably, in 
spite of being computable. When an experimenter obtains such results, he can 
erroneously conclude that the underlying phenomenon is not deterministic but random. 
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The deterministic nature of a phenomenon is not always visible considering variable 
values or their sequence. In that case, if the evolution law cannot be found by reasoning 
it may remain hidden, especially if it is impossible to verify if its evolutions are 
reproducible. 

3.2.12.7 Determinism and duration 

The British mathematician Alan Turing demonstrated in 1936 that a universal algorithm 
to decide whether a given software program will execute in a finite time interval cannot 
exist. If computing a result with an algorithm implemented as a program requires an 
infinite amount of time, this result cannot be considered computable because it can often 
not be known - even approximately - before the calculation is finished. 
 
An algorithm is a deterministic process, since its exact action is well known and it 
satisfies the definition of traditional scientific determinism. However, in practice it may be 
non-computable if its execution time is infinite [114]. 
 
Since Turing's demonstration, we know that it is in general impossible to predict, for a 
given algorithm and its input data, if its execution time will be infinite or not. Therefore, 
we have to actually run an algorithm's software, and consider arbitrarily as infinite a time 
that we find too longé It is sometimes possible, of course, to study mathematically the 
algorithm's convergence speed. 
 
Since it governs the evolution from an initial situation (the cause) to a final situation (the 
consequence), determinism itself implies an "acceptable" time interval (duration) 
between these two situations. 

Á When the duration is null (zero), we no longer call the relationship between cause 
and consequence deterministic, we call it logical consequence. In that case, cause 
and consequence are not distinct situations: the consequence is a simple logical 
deduction of the cause. 

Example: if the cause of the phenomenon is "X > 6", a consequence such as 
"X + 1 > 7" is true as soon as the cause itself is true; it is no evolution. 

See also the important discussion of separability versus non-separability below. 

Á When the duration is infinite ï or simply much longer than the time we arbitrarily 
associate with the phenomenon itself ï we no longer wait for the consequence; 
sometimes we discover it years later. 

Example: in general, the response time of my PC is one second or less. On several 
occasions, after waiting for about one minute, I decided that it was stuck in an 
infinite loop and I interrupted the program deliberately; since this system executes 
about one billion hardware instructions per second, I cannot imagine that a personal 
productivity (office) transaction may take that long. Among the two dozen 
applications I use, only one requires 30 to 40 minutes to process a text, converting 
the 450 pages of one of my books from WORD ".doc" format to ADOBE READER 
".pdf" format; and after interrupting its process too early several times, I learned to 
have patience. 
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Á When the duration is acceptable in our opinion, because its order of magnitude is 
what we expect to observe between the cause and the expected result, we consider 
the phenomenon governed by determinism. This is quite a subjective opinion, but it 
is the best we can formulate. 

Example: the French postal service is supposed to forward 90% of letters in 1 
workday. If I consider lost a letter that has not arrived after 3 workdays, I am right 
most of the time. This reasoning assumes that the government-run postal service is 
not on strike, as it is at least once a year because its employees cannot be fired and 
enjoy the privilege of lifelong employmenté 

3.2.12.7.1 Real numbers and non-computable problems 

Definitions 

By definition, a real number is called computable if and only if there is an algorithm for 
calculating its sequence of decimal digits one after the other, and if each of those 
calculations requires finite time. A square root, for example, is computable. 
 
More generally: 

Á A result is called computable if there is an algorithm that produces it in a finite 
number of stages, therefore in finite time [114]. 

Therefore, an algorithm whose execution consists of a finite number of stages of 
finite time is computable; its logic is deterministic. 

Á A set of integers S is called computable if there is an algorithm that finds in a finite 
number of stages if a given integer X belongs to S. Non-computable sets of integers 
exist, an example is quoted by [91] page 158. 

 
A well-designed algorithm includes tests to determine if the computation is finished (end 
tests), so that it may stop when the number of decimals or terms of the sequence is 
sufficient, or when the execution time exceeds a predefined limit. An algorithm must stop 
to provide its result if it does not print a part of it (a decimal digit or a term) at each step. 

Non-computable real numbers 

Unfortunately, some real numbers exist but are not computable! An example of 
procedure for proving the existence of such a number (without calculating it) is quoted 
by [91] page 108. This number has an infinite number of decimal digits such that its nth 
decimal digit is 1 if the Turing machine acting on number n stops, or 0 if it does not (this 
cannot be known in advance using an algorithm, as Turing demonstrated.) 

I admit being surprised by the proved existence of real numbers that cannot be 
written because they cannot be computed! I am not alone: some people called 
intuitionists refuse to believe the existence of such numbers. 

 
See also the example of wave defined by its propagation function whose amplitude at 
time t=0 is computable and its amplitude at time t=1 is continuous but not computable 
[115]. 
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Consequence for determinism 

There are an infinite number of non-computable real numbers. Their existence shows a 
limit of determinism: there are deterministic algorithms that prove the existence of 
something (a real number, in this example) that cannot be described (its digital 
representation cannot be calculated) except for some properties (uniqueness, in this 
case). In some cases, determinism allows us to predict an existence and some 
properties, but not all. 
 
The existence of non-computable real numbers may seem to be of interest only to 
mathematicians. However, the corresponding limitation of determinism also appears in 
observable physical phenomena: the Universe contains "dark matter" whose existence 
is proven but whose visible properties are limited to its gravitational effects, since dark 
matter is invisible. 
 
See also "Conditions for determinism to be disobeyed". 

Sample non-computable problem: tiling of a plane 

Problem: can a finite set of tile shapes, with as many tiles of each shape as required, be 
assembled to cover a plane entirely without holes or superpositions? Tilers (tile setters) 
face this problem daily. Here is an example from [147]: 
 
 

 

Penrose tiling 

 
 
In the above example, the plane is paved with tiles that are rhombuses (deformed 
squares). Tiles with parallel edges lie in rows (shaded) separated by large (L) and small 
(S) intervals. The tiling displays patterns described as quasi-periodic; it is deterministic in 
the sense that the order of assembly of the tiles can be generated by an algorithm. 
 
According to [91] page 176, Robert Berger proved in 1966 that in general, there is no 
algorithm to tile a plane with given polygonal tile shapes: this problem has no solution. 
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His demonstration proves that there exist tilings of the plane that contain no repetitive 
parallelogram; such tilings are called non-periodic or aperiodic. Here is an example from 
[148]: 
 

 

Non-periodic tiling 

 
 
Here are three examples of repetitive tilings from [148]: 
 
 

 
 

3.2.12.7.2 Undecidable propositions 

There is a limit of determinism we will come back to when we discuss human thinking: 
some statements may be expressed but not proved or proved false using a computable 
algorithm [114]; they are called undecidable [6]. Some will be known true in very many 
cases and never be known false, but we will never be able to prove that they are always 
true. Others will be known false in one case (one is enough if we limit ourselves to 
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propositions called logical because they are always true or always false [99]), without 
formal proof that they are always false. 
 
We will prefer the term logical proposition (or simply proposition) to the term statement, 
because there is a field of logic called propositional calculus. 
 
A logical proposition is undecidable 

Á If there is a demonstration that there cannot exist an algorithm to prove it true or to 
prove it false; 

Á Or if the calculation of its logical value ("true" or "false") requires an algorithm that 
never stops, thus obligating us to wait forever for its result. 

3.2.12.8 Computability, determinism and predictability 

Consider two computable real numbers (numbers whose decimal digits may be 
computed one after the other).The issue of knowing if they are equal or not is important. 
If a mathematical proof of this equality or inequality is available, we have a theoretical 
answer. But if we have no such proof, we can wonder if there is an algorithm to find out 
about the equality or inequality, using a given representation of these two numbers or an 
algorithm for calculating the successive pairs of decimal digits, one of each number, for 
comparison purposes. 
 
Unfortunately, in general the answer is no: two irrational numbers having an infinite non-
periodic series of decimal digits, an algorithm that would compare the digits of equal 
position, pair after pair, could run forever if it went on comparing digits of pairs as long 
as they are equal; we would never know the result. 
 
The comparison of two irrational numbers is not the only operation that may last forever, 
thus being non-computable, since we know that 

Á An algorithm is always deterministic because it performs only deterministic 
operations (see assumptions [114]); 

Á Since an algorithm performs only deterministic operations, computability requires 
determinism; a non-deterministic phenomenon, if it exists, cannot be modeled by a 
computable procedure (an algorithm); see René Thom's the definition of 
randomness [226]; 

Á Given input data, an algorithm may 

¶ Stop after a finite number of operations, and its result is then, by definition, 
computable; 

¶ Run forever, and its result is then, by definition, non-computable. 

With different input data, its behavior may be different, of course. 

Á The number of algorithms that run forever is infinite, since 

¶ We can write as many programs with infinite loops as we wish; 
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¶ There are an infinite number of programs that loop for some input data, but not 
for others. 

Á Another case of non-computability occurs when the result of the algorithm is infinite, 
which happens in some physical theories that model reality incorrectly [119]. 

 
The special cases above confirm a conclusion stated previously: some deterministic 
processes have non-computable results, because they require 

Á Either an infinite number of operations, therefore infinite time. These processes 
have an infinite number of stages, each of which requires finite, non-null time; 

Á Or calculating infinite values, which does not make sense; 

Á Or because they define a non-computable number or concept, an issue we 
discussed above; 

Á Or because their description contains at least one undecidable proposition [6]. 

Example: given an integer input value n, assign to the algorithm's result the value 1 
if the nth Turing machine stops when its input is n, or the value 0 if it does not stop; 
since it is impossible to know in advance if the machine will stop in that case, that 
proposition is undecidable and the algorithm may never stop, its result therefore 
being non-computable. 

 
Here is another example of a non-computable deterministic physical process, quoted by 
[91] page 243. The differential equations that model wave propagation are deterministic 
in the traditional sense: their solutions are such that the situation at time t=0 completely 
determines the wave at all future times. However, there are cases where a solution has 
computable initial values and non-computable subsequent values [116]; when the 
mathematical model of a deterministic physical phenomenon has such a solution, the 
values of some functions are sometimes computable and sometimes non-computable. 

Conclusion 

On some rare occasions, in physics or in thought experiments, the result of a 
deterministic process or of a formula may be non-computable, or sometimes computable 
and sometimes non-computable. If the process is a physical evolution, that non-
computability does not prevent the evolution; it only prevents predicting its result. 

3.2.12.8.1 Computability of a prediction 

We postulated that the phenomena of the Universe are deterministic. One of the 
objectives of determinism being predictions of the future, it is important to know if, in a 
given situation, there is an algorithm to predict its evolution. This issue is important since 
we just saw that the outcome of some deterministic processes is not computable; we 
also know already that an algorithm is always deterministic but does not always provide 
a result. 
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Proven and practical undecidability 

Consider the worrying statement "The atomic war that will destroy humanity will begin 30 
years from now." We do not know if this statement is decidable (if there is today an 
algorithm ï a formal sequence of deductions ï to decide if it is true or false). We know, 
however, that the number of parameters of such a decidability algorithm is huge, so 
huge that the effort to find them would discourage most people. In practice, therefore, 
we shall consider the statement undecidable. 
 
Therefore, a proposition may be undecidable without doubt, because its undecidability 
was demonstrated within the framework of an axiomatic system [67]; or it may be 
undecidable in practice, because the effort to find its logical value ("true" or "false") is too 
considerable, or because we do not have the necessary knowledge. 

Remark: the above prediction is unfalsifiable: there is no way to prove it false the 
day it is made, 30 years ahead of time. This is also the case for all "crystal ball" 
predictions that horoscope authors carefully formulate to make them unfalsifiable. 

 
Now consider the statement "The atomic war that will destroy humanity will begin 30 
minutes from now." It is likely to be wrong because the critical international situation that 
could lead to such a war does not exist right now, and it would take more than 30 
minutes to develop. This example shows that changing one word (replacing years with 
minutes) may change the practical predictability of an outcome. So practical 
computability (or, more generally, predictability) is not only a formal property, it also 
depends on semantics. Therefore, our conclusion may be that, in general 

Á The result of an algorithm's execution cannot be predicted by considering its text 
and input data, it is necessary to actually execute it and wait for this execution to 
complete; this may take time, and if the algorithm does not stopé; 

Á The evolution of a complex situation cannot be predicted by a simple formal 
succession of deductions, it is necessary to consider the values of its parameters, 
their meaning and their impact. 

Determinism and predicting the future 

We know now that the outcome of some deterministic phenomena is not predictable 
using logical deductions or calculations, in theory (undecidability) or in practice. 
However, their deterministic nature is certain because they satisfy the two criteria of the 
definition: the necessary and sufficient condition and the stability condition. 

Therefore, the biological processes of living beings are deterministic because they 
consist of a hierarchy of deterministic component processes, but the results of the 
physiological and psychological processes based on them are often unpredictable 

¶ Because we do not know (or not well enough) all their component processes 
[51]; we shall see below that consequence of their complexity; 

¶ Because the reproducibility (stability) of complex circumstances is not certain. 

A man is often unpredictable in spite of being part of the Universe, whose physical 
phenomena are all deterministic. In practice, therefore, we must limit the 
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predictability expectations of Laplace's philosophical determinism [200] or of 
scientific determinism. We noticed that before. 

3.2.12.8.2 Deterministic phenomena with unpredictable consequences and 
philosophical errors 

We have seen that some phenomena that consist of deterministic processes have an 
outcome that cannot be predicted when they start: 

Á Either because the time required to compute the outcome is infinite or 
undetermined; 

Á Or because given the text of an algorithm and its input data, it is impossible to know, 
when the algorithm starts running, if it will stop, if it will hang with an impossible 
operation such as a division by zero, or if it will provide its result in finite time; 

Á Or because the complexity of the phenomenon (number of component phenomena 
and/or complexity of interactions), its indeterminations (Heisenberg, Comptoné), or 
its chaotic nature make its evolution unpredictable in practice, even if it is 
predictable in theory; 

Á Or because the instability of the phenomenon's context makes its outcome 
unpredictable in practice; 

Á Or because there is no algorithm to compute the result (example: tiling of the plane 
with polygonal tiles, a problem that has no algorithm in general, but such that every 
completed tiling is deterministic). 

 
This situation is the cause of reasoning errors of some philosophers about determinism, 
because they mistake the impossibility to always predict by algorithm the outcome of an 
evolution before its end, for non-determinism. 

3.2.12.8.3 A critique of Popper's position on determinism 

Sir Karl Popper was a philosopher of science whose metaphysical opinion was against 
determinism. His contribution to the methodology of science is very important, and we 
shall describe it in detail below. 
 
For Popper, determinism implies the possibility, at any time, to predict (describe) the 
future precisely, the way Laplace's demon can [200]. He believes that the future is 
undetermined whenever the physical text of this description contains at least an 
undecidable proposition, for example a question about the future (see [6] and [209] page 
125, argument 2). In Popper's opinion, undecidable propositions may exist at any time in 
the Universe, therefore the future is unpredictable at least in some situations; therefore, 
the evolution of the Universe is non-deterministic. Here is a summary of his arguments. 
 
A complete prediction of the future is impossible for a predictor who is a physical being 
inside the Universe, because such a prediction would contradict logic ([209] pages 124-
125): 



191 
 

Á A physical predictor cannot predict his own future states, for the same reason as 
that which makes knowing the response of an algorithm before it stops impossible; 

Á Some questions put to or asked by a predictor about his future may be undecidable, 
so they cannot be answered. Therefore, the predictor cannot know that part of his 
future, which is then unpredictable; 

Á A predictor who knows his future could use that knowledge to alter that future, which 
would make his initial knowledge false, and that contradicts the assumption that he 
knows his future; 

The same is true for the prediction of future scientific discoveries: predicting one 
implies describing it, which implies knowing it, which contradicts the assumption that 
it will be discovered later. 

 
Since a complete prediction of the future is impossible, Popper concludes that the 
Universe is non-deterministic, or (more precisely) that some of its laws contain 
indetermination. 

Critique of this position 

Popper reaches a conclusion about determinism, i.e. about the laws of the Universe, 
using logical deductions about determinism based on a text that describes the future 
written (within the Universe) by a physical predictor (man or machine). 
 
A text written by a man (or a computer that executes an algorithm written by a man) may 
indeed contain statements that are undecidable or questions that have no answer. We 
saw, in the discussion of the arguments for God's existence, that it may also contain 
sets richer than everything that existed, exists or will exist in the Universe: man's 
imagination is boundless. 
 
The contents of a text prove nothing about the Universe's respect of laws, deterministic 
or non-deterministic. A man's thoughts or questions about the past, the present or the 
future, do not influence the Universe's behavior; they do not even describe it completely. 
Therefore, the Universe's behavior is independent of any texts it may contain. 
 
The existence in the Universe of problems or questions that have no algorithmic solution 
does not prove that the Universe's behavior (the action of its laws) may be 
unpredictable. In my opinion, all problems without solution (undecidable propositions, 
problems without algorithm or with a non-computable algorithm) have a human origin; 
nature has no situation where its laws are not valid or where problems have no solution. 
Unpredictability is an issue for human questions, not for nature's behavior, which always 
obeys its laws; we must only remember that some laws have multiple solutions, or make 
random choices of an element of a predefined set, or limit precision. 
 
Scientific research may make us discover laws of the Universe that we may then 
describe in texts. Therefore, the Universe may also contain accurate predictions - or at 
least predictions that nothing disproves at the time of their enunciation, as Popper's 
critical rationalism doctrine postulates. 
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Conclusions 

Á Deducing from the possible existence of human texts containing questions without 
answer, or undecidable or contradictory propositions, that the Universe is 
sometimes non-deterministic is erroneous reasoning. 

Determinism governs laws of nature, and understanding determinism helps humans 
predict evolutions of physical phenomena. However, determinism does not promise 
an answer to any question dreamed up by a philosopher, or an argued opinion 
about any statement. As we shall see below, human thinking is often unpredictable; 
it does not always result from reproducible physical brain processes, as some 
materialists believe because they oversimplify their representation of mental 
processes. 

Á Some laws of the Universe predict a fuzzy or imprecise result; or a random choice of 
a precise value within a predefined set; or a possible superposition of quantum 
states; or quantum fluctuations; or phenomena where non-separability allows an 
object to have infinite size, etc. Those laws contain rules that imply randomness and 
refuse to conform to our oversimplifying mental representation models. That is why 
my definition of extended determinism is compatible with these precision limitations 
when they are justified by laws of nature. 

Differences between Popper's position about determinism and mine 

I agree with Popper's conclusion that a complete prediction of the future is impossible. 
However, Popper accepts Laplace's traditional definition of determinism, and I do not. 
Popper's definition of determinism leads him to conclude that the Universe is partially 
non-deterministic, a conclusion I agree with - given his definition. But since that definition 
contradicts reality in so many ways, as we saw above, I extended it to make it conform 
with the laws of nature that contain indetermination; my purpose was to create a 
definition usable in all cases. 
 
I believe that 

Á Indetermination is part of certain laws, therefore also of extended determinism; 

Á Perfect determinism, like Laplace's, is illusory as it expects nature to behave 
according to our oversimplifying mental representations, with their requirements of 
precision, solution uniqueness, separability, etc. In general, nature does not behave 
that way. 

 
We shall now see two more reasons to criticize Popper's position. 

1 - Determinism does not always guarantee predictability (we already saw that) 

We saw above that a phenomenon could be deterministic while its outcome cannot be 
predicted by an algorithm. We also saw that even when an evolution can be modeled by 
an algorithm, in general the result of executing that algorithm with given input data 
cannot be known in advance, not before it has completed its execution without incident. 
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Therefore: 

Á Determinism does not necessarily imply the possibility of a static prediction of the 
consequences of a phenomenon, derived from the knowledge of the initial situation 
and of the law of evolution; 

Á It allows knowing the outcome of a process when it is finished, and knowing the 
result of an algorithm when its execution is complete; 

Á It also implies the stability (reproducibility) of the evolution, given identical initial 
conditions, even when a cause has a set of consequences; 

Á And it allows randomness in the choice of one element in a set of consequences or 
a set of results. 

 
Popper's error, when he finds the Universe often non-deterministic, is a result of 
adopting Laplace's definition of philosophical determinism [200] without calling it into 
question, a surprising omission on the part of a man who made calling propositions into 
question the foundation of scientific progress! 

2 - The Universe conforms to extended determinism despite the undecidable 
propositions it contains 

Man knows very well how to build (write) undecidable propositions, so well that we can 
even make a computer generate some by executing an algorithm; such statements then 
result from a deterministic generation process. Their existence does not prevent all 
processes of nature from being deterministic in the extended sense, in accordance with 
our postulate. 
 
A process is a concrete, physical reality that obeys the laws of nature, whereas a 
statement is an abstraction of the human mind. Therefore, we should not deduce from 
the existence or the meaning of a statement a physical property of the Universe, 
because reality does not have to conform to a man's thought; we already discussed that 
in the description of the ontological arguments of God's existence. 
 
Therefore, when Popper concludes from the existence in the Universe of undecidable 
propositions and unanswerable questions that its evolution is partially non-deterministic, 
his reasoning is erroneous; he forgets that nature's determinism does not always imply 
human predictability, and that the unpredictability of human thinking does not entail the 
unpredictability of the action of nature's laws. 
 
The real reason for the Universe's partial non-determinism (in Laplace's sense, we 
would call it unpredictability) is the requirement to include randomness in the action of 
some physical laws. This, in turn, requires including it in the determinism that governs 
those laws. The existence of human undecidable propositions is irrelevant when 
discussing nature's determinism. 
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Is predicting the future impossible? 

According to some philosophers, "Predicting an outcome requires enunciating it. When 
the prediction is about the future of the Universe it is impossible, since the Universe 
cannot contain a description of itself without this description containing a (smaller, 
embedded) description of itself, and this leads to an infinite number of embedded 
descriptions." Let us consider the details. 

Á When the predictive description is inside the Universe and does not attempt to 
describe all of it (which would make it metaphysical), its existence is quite possible, 
it is a consequence of extended determinism, a description of the outcome of laws 
of nature. It is always possible, except 

¶ If a law applicable to the given circumstances is unknown because our scientific 
knowledge is not complete; 

¶ If the prediction to be described requires an accuracy or a uniqueness that is 
inaccessible because of fuzzy positions and dimensions, Heisenberg's 
uncertainty principle, Compton's wavelength, random choice of a set element, 
non-converging algorithms, etc. 

¶ If there is an obstacle such as chaotic behavior, too many variables or 
interactions, etc., of which this text provides examples. 

Á When the prediction required is an answer to a question such as "Will this situation 
occur"? The answer may be undecidable [6]. However, only man asks such 
questions, the Universe does not. The Universe evolves following its laws without 
ever hesitating in its choices, without indetermination, without metaphysical angst. 

So yes, man may ask unanswerable questions about the future, but then the 
impossibility to predict the future is his responsibility, not the Universe's; and the 
absence of response to such questions does not make the Universe non-
deterministic. The Universe has no undecidable situation or law, and conjecturing 
that it has is a human error because the Universe does not think. 

Á When the required prediction is about a person's actions or thoughts, we shall see 
that they are in general unpredictable in spite of their underlying deterministic 
biological processes. 

When the required prediction is about human society, for example in such fields as 
economy or social unrest, it is even more difficult if it must take into account 
unpredictable persons and laws that are often unknown or poorly known. The 
predictions of financial analysts about stock markets are unreliable, as are the 
predictions of sociologists and political scientists about reactions of the public. Niels 
Bohr used to say with a wink 

"Predictions are difficult to make, especially when they're about the future." 

Á When the prediction required is external to the Universe (i.e. when it concerns an 
evolution due to a phenomenon that is external - therefore transcendent or 
supernatural - or an external prediction of the evolution of the Universe) a rational 
prediction is certainly impossible; only prophets and soothsayers will take the 
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chance to enunciate such predictions. However, that truth is so obvious that it is 
uninteresting. 

3.2.12.8.4 Achieving computability through limitations and approximations 

In a computer, a program with a finite number of instructions can only run forever if it is 
stuck in an infinite loop, which can happen only if a programmer forgot to include 
convergence tests; in the rest of this section, we will therefore assume that this is not the 
case. 
 
A program calculating with real numbers uses finite decimal approximations of those 
numbers, so each computing operation has a finite duration. Two numbers are 
considered equal if their difference is less than one decimal digit of the smallest order. 
Operations such as multiplication and division that generate more decimal digits than the 
software can handle truncate the extra small-order decimal digits. The computations 
follow strict rules even when they use approximations, a fact which makes them 
deterministic. The use of approximate numerical values is justified by the fact that the 
physical or financial variables they apply to also have limited precision. 
 
The human mind also performs approximate operations, for example when it uses 
analogies or when it compares two objects using only some of their properties. This is 
fortunate, since exhaustive knowledge of a subject is rare, and an approximate result 
obtained fast is often more useful in everyday life than a more accurate result obtained 
too late. We shall see below that, in general, these approximate mental operations are 
not deterministic, because they use quality criteria (precision, rigor, etc.) that are not 
reproducible; these criteria may be based, for example, on quantities of 
neurotransmitters ("value molecules") that may be positive (pleasant) or negative 
(unpleasant) in the brain's prefrontal cortex, and those quantities may vary with external 
circumstances (environment, health, etc.) [51]. 

3.2.12.9 Determinism and convergence of processes and theories 

Determinism is a principle that governs the evolution from a cause to consequences. We 
saw that if this evolution concerns an algorithm that requires infinite computation time, it 
must be considered non-computable. Therefore, it makes sense to arbitrarily call non-
deterministic a process of infinite duration, because its result being inaccessible it 
cannot be used to predict an outcome. 
 
If we accept to limit the scope of determinism to evolutions that require finite time, other 
cases appear such as an algorithm that cannot satisfy the duration requirement. We will 
call those evolutions non-convergent or divergent. In all those special cases, the result is 
a variable of type scalar, vector, matrix, tensor, etc., which is 

Á Either the sum of an infinite number of terms, found in intermediate processing 
stages, that mathematicians would call "sum of a series", and such a sum may or 
may not converge toward a finite limit, a precise complex number, etc; 

Á Or the limit of an infinite sequence of terms, which may or may not be finite. 
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Example: consider the race between a fast runner, Achilles, and a tortoise [19]. The 
tortoise starts with a lead a over Achilles and runs with (slow) velocity v, while Achilles 
starts at the same time and runs with (fast) velocity V. We know that Achilles will catch 
up with the tortoise in a time equal to a/(V-v) at position aV/(V-v). Zeno calculated the 
time Achilles needs to catch up with the tortoise as the sum of a series with an infinite 
number of terms [19], and since he did not know that such a sum converges if its 
successive terms decrease fast enough, he concluded that it would diverge and that 
Achilles would never catch up with the tortoise! 
 
This example illustrates the interest of having some mathematical culture, as 
understanding the conditions of convergence of a series or its sum is indispensable for 
predicting the outcome of deterministic processes with a large number of stages. 
 
The first type of convergence is in space, where each step of the series of stages of a 
deterministic process adds distance or length to the result; this result may then become 
infinitely remote or infinitely long if the succession of additions does not decrease fast 
enough. 
 
Generalizing this reasoning to a phase space, a process with an infinite number of 
stages will be called non-deterministic for divergence reasons if one of the variables of 
its phase space is a sequence or sum of series that diverges. 
 
The cases of convergence that we imagine intuitively have only one limit, but there are 
cases such as multiple attractors where convergence of the series or its sum occurs 
toward several limits. 
 
Finally, it is also possible to consider the convergence of a theory (see [219]). 

3.2.12.10 Determinism and stability of the law of evolution 

The definition of traditional scientific determinism requires the stability of the law of 
evolution. However, this requirement is not always pertinent. For example, when 
astronomers discovered the expansion of the Universe (after having believed for 
millenaries that cosmic space is static), they first assumed that the speed of this 
expansion was constant, i.e. that the number of light-years added to its radius every 
year was constant in all directions and did not vary with time. Hubble wrote in [111] 

"The results establish a roughly linear relation between velocities and distances 
among nebulae for which velocities have been previously published, and the 
relation appears to dominate the distribution of velocities." 

 
Cosmic expansion implies that for each million light-years of distance relative to Earth, a 
galaxy recedes (moves away from Earth) faster by 21 km/s regardless of its direction; 
the whole space is expanding, any two distant galaxies moving away from one another. 
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Then astronomers noticed that the Hubble law had two errors; we know today that 

Á In its first fraction of a second (about 10-30 second) after the Big Bang, the 
Universe's expansion was incredibly fast, its radius increasing billions of times faster 
than the speed of light; this was the short cosmic inflation phase; 

Á Nowadays, the speed of expansion is much slower (about 1.8 times the speed of 
light), but it increases: the radius of the Universe increases faster and faster. 

 
Knowing the Universe's expansion speed and its variation since the Big Bang is 
important for determining the age of the Universe and understanding the physical 
phenomena that still occur today. 
 
Therefore, when we suppose that a law of evolution is stable, we must be careful; over a 
long period, we may discover that it varies according to another law, a law of variation 
such as the law of increasing cosmic expansion speed. 

3.2.12.11 Formal logic - Propositional calculus - Predicate calculus 

3.2.12.11.1 Formal logic and symbolic logic 

Formal logic 

Formal logic is the study of assertions, propositions and deductive arguments. It 
concerns itself with their logical value ("true" or "false"), but not their semantics or their 
application. It concerns itself with the rules (such as implications and exclusions) for 
deducing new propositions from existing propositions. It is an a priori study, not an 
empirical study: it uses logical deductive reasoning only, without ever observing or 
experimenting. 

Á Example 1: the assertion "The kitten is dead" can be only true or false (its logical 
value is either "true" or "false"), in accordance with the law of contradiction and the 
law of excluded middle [99]. If I admit that this assertion is true, I cannot 
subsequently state that "The kitten is alive", no matter what reasoning I use. 

Á Example 2: respecting formal logic is a necessary condition for a proposition's 
validity. The proposition "The black cat is white" is a formal impossibility because it 
asserts something and its opposite, which is not acceptable. 

However, formal logic validity is not a sufficient condition for a proposition to be 
acceptable. The sentence "The snail extended its wings and flew away" is formally 
acceptable and grammatically correct, but its meaning is absurd. 

Symbolic logic 

Symbolic logic is part of formal logic. It first describes with symbols an axiomatic system 
[67] that includes: 

Á Propositions (logical assertions designated by a lower case character such as p, q, 
r, or s). Examples: 

¶ p: "A truck hit the kitten" 
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¶ q: "The kitten is dead" 

¶ r: "x < 5" 

¶ s: "x = 8" 

The notation for the opposite proposition of p, called "non p", is ¬p. 

The logical value of a proposition p can only be 1 (true) or 0 (false). 

To assert that p is true we simply write p or p=1; if p is false, we write ¬p or p=0. 

Á Logical operations that link two or several propositions, such as: 

¶ Inference ("THEREFORE", noted Ý) 

¶ Conjunction ("AND", noted Ø); ("OR", noted Ù), etc. 

Examples: 

¶ p Ý q 

¶ r Ý ¬s 

¶ ¬(r Ø s) = 1  (Asserting simultaneously « x < 5 » and « x = 8 » is asserting a 
false proposition, but its opposite is true). 

 
When the notations of a symbolic logic system have been defined, we usually write an 
algorithm (a text of reasoning) which is a sequence of propositions and operations for 
reaching a conclusion; this algorithm will be a propositional calculus, described below. 
 
Formal logic calculations may be performed by a computer, for example to find 
demonstrations heuristically by combining all possible ways the initial axioms and 
propositions already proven. 
 
Formal logic is not suitable for 

Á A reasoning or statement full of nuances; 

Á Reasoning on subjects for which the initial axioms and deduction rules cannot be 
described completely and unambiguously; 

Á Cases where the non-contradiction of the set of initial axioms (propositions) is 
uncertain, or where we are not certain that those axioms are coherent with their 
semantics. 

 
This is all obvious, but my reason for restating it is that too many people (such as 
journalists or politicians) assert unproven propositions, or use false or inaccurate 
hypotheses to reason about the economy. 
 
Please read also the important complement [221]. 

3.2.12.11.2 Propositional calculus 

Propositional calculus uses formal logic for treating propositions that do not contain 
variables and their relationships. It is based on an axiomatic system [67] known as 
Boolean algebra, which applies to propositions the following concepts: 
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Á A non-empty set of propositions A, whose elements are x, y, zé; 

Á The set membership operators Í ("BELONGS TO") and Î ("DOES NOT BELONG 
TO"); 

Á The associative logical operations "AND" (noted Ø) and "OR" (noted Ù); 

Á The unary operator "NOT" (noted ¬) that operates on a single proposition; 

Á The pairs of parentheses and brackets "(" and ")" and "[" and "]" around a 
proposition to be considered as a whole, with a priority that increases for a pair 
internal to another pair; 

Á The logical values 1 (true) and 0 (false); 

Á The symbol = which designates the result of a logical calculation. 
 
According to [128], the axioms of Boolean algebra are: 

Á "xÍA "yÍA (x Ø y) Ù y = y ; 

(for all values of x and y belonging to A, the proposition (x Ø y) Ù y is equivalent to y) 

Á "xÍA "yÍA (x Ù y) Ø y = y ; 

Á "xÍA "yÍA "zÍA x Ø (y Ù z) = (x Ø y) Ù (x Ø z) ; 

Á "xÍA "yÍA "zÍA x Ù (y Ø z) = (x Ù y) Ø (x Ù z) ; 

Á "xÍA x Ø ¬x = 0 ; 

Á "xÍA x Ù ¬x = 1 ; 

Á "xÍA x Ù 0 = x ; 

Á "xÍA x Ø 1 = x . 
 
Propositional calculus may also be based on tables such as: 
 
 

p q p Ø q p Ù q p Ý q 

1 1 1 1 1 

1 0 0 1 0 

0 1 0 1 0 

0 0 0 0 1 

Sample table for calculating propositions 
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The 3rd line, for example, means if p is false and q is true, then p Ø q is false, p Ù q is 

true and p Ý q is false. 
 
These examples show the concision of propositional calculus and its automatic nature: 
all a computer has to do is apply the axioms and the rule tables. 
 
Please see also the important complement [221]. 

3.2.12.11.3 Predicate calculus 

A predicate is a logical proposition such as P(x) and Q(y,z) which is a function of one or 
several variables (note the upper case letters for predicates and lower case letters for 
variables). Depending on the values of its variables, a predicate's value is 1 (true) or 0 
(false). 
 
Predicate calculus is the language par excellence of mathematical reasoning. It uses: 

Á All symbols of propositional calculus except lower case letters which designate 
propositions such as p and q; 

Á Variables such as x, y, z, which can be of any type (scalar, vector, logical, etc.); 

Á The operator that asserts existence of at least one element: $; 

Example: $x(x>5) (there is at least one x greater than 5); 

Á The operator FOR EVERY: " 

Example: "z(z2+3  ̧k) (for every z such that z2+3  ̧k) 
 
Example: the predicate function of non-null integer variables x, y, z, n called Fermat's 
theorem asserts: 
 

"x "y "z "n [(n>2) Ý (xn + yn  ̧zn)] 
 
Its qualities of symbolism and rigor make predicate calculus suitable for execution in a 
computer, for example to demonstrate theorems automatically: the predicate calculus 
algorithms are computable. 
 
Please see also the important complement [221]. 

3.2.12.12 Insolvable problems - Fermat's theorem - Diophantine equations 

A mathematics problem is called insolvable when we have a proof that there is no 
algorithm for solving it. For example, there is no general method for determining if a 
given algorithm will complete execution in a finite number of stages in order to provide 
its result (i.e. if the algorithm will converge). 
 
For a given problem, as long as no solution has been found and there is no proof that a 
solution does not exist, we cannot assert anything except, perhaps, in special cases. 
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The most famous such problem, which eluded mathematicians from 1630 to 1994, is 
Fermat's theorem, stated by this French mathematician in 1630 without proof 
 

"The equation xn + yn = zn where the four variables x, y, z, n are integers has no 
solution for n>2." 

 
(For n=2, a sample solution is 32 + 42 = 52). 
 
This conjecture, also known as Fermat's last theorem, was first proven in 1994 by 
Andrew John Wiles. During 364 years it was verified only in special cases; some 
persevering mathematicians had proved it up to values of n of about 125,000, according 
to [91] page 135. 
 
The equation xn + yn = zn is a special case of Diophantine equation, an equation of the 
form f(x1, x2,é, xp) = 0 where f is a polynomial with integer coefficients; the problem is 
finding the polynomial's roots (set of p variables x1, x2,é, xp) that are integer numbers. 
 
We have since 1970 a demonstration that there is no universal algorithm to determine in 
a finite number of operations if a given Diophantine equation has a set of integer roots. 
 
The above examples show that some problems certainly have a computable solution 
and others do not. Among those that do not, some have a solution whose existence is 
proven but cannot be calculated (using an algorithm). (Example) 
 
From the point of view of determinism, when a problem has been formulated as an 
equation, all previous cases may occur. 

3.2.12.13 How certain is the existence of a proof in an axiomatic system? 

In an axiomatic system [67], consider a well-formed proposition P - a proposition whose 
formulation obeys the system's formation ("grammar") rules. Such a proposition is called 
syntactically (or formally) correct. All valid theorems that may be proven in that axiomatic 
system can be generated automatically by combining the various axioms and theorems 
previously proven using the system's deduction rules. 
 
Therefore, if a theorem that proves (or disproves) P exists, it will be found and 
demonstrated by this automatic generation procedure. If one exists, since Gödel's 
incompleteness theorems [6] prove that some propositions are undecidable: they cannot 
be proven true or false because there is no theorem to prove them, and there cannot 
exist any. 

3.2.12.14 Deterministic chaos: sensitivity of an evolution to initial conditions 

Some phenomena governed by deterministic evolution equations are extremely 
sensitive to initial conditions: a tiny variation of those conditions induces a considerable 
variation of final consequences, sometimes after a single transformation stage, 
sometimes after many stages; the evolution of such phenomena appears unpredictable. 
They are said to be subject to deterministic chaos. 
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The simplest example of deterministic chaos is the instability of a pencil standing on 
its sharp end: a very small variation of the angle of its axis with the upright direction 
makes it fall, and it is impossible to predict the horizontal direction of this fall. 

 
The evolution and the result of a deterministic chaos phenomenon are unpredictable 
when it starts, so the phenomenon may be considered non-deterministic since it does 
not satisfy the stability rule of the definition of determinism. However, the evolution 
becomes deterministic (and often computable) a very short time after it started. 
 
The graph below exemplifies the sensitivity to initial conditions of the sequence 
xn+1 = 2xn (modulo 1), known as Bernoulli sequence and quoted by [26] pages 96-105. 
Each value, xn+1, of this sequence is the result of multiplying by 2 the previous value, xn, 
then retaining only the part after the decimal point as in the following example: 

x0 = 0.7 ;   x1 = 2*0.7 (modulo 1) = 0.4 ;   x2 = 2*0.4 (modulo 1) = 0.8,   etc. 
 
The graph below plots 

Á The sequence beginning with x0 = 0.7 in blue; 

Á The sequence beginning with x0 = 0.697 (very close to 0.7) in red. 
 

 

Divergence due to deterministic chaos of sequence xn+1 = 2xn (modulo 1) 
 for x0 = 0.7 and x0 = 0.697 

 
 
The two sequences above have almost identical values until n = 4, then they diverge 
more and more. Their values end up converging to zero one after the other, for n = 52 
and n = 53 respectively, and then they can no longer differ from zero [34]. 
 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58



203 
 

Conclusion: with a mathematical formula that is completely deterministic in the traditional 
sense, we created an irreversible evolution, since starting with x100 = 0 (for example) we 
cannot find a successor, xk such that k>100 (or k<100 if we "go backwards"), such that 

xk 0̧. 
 
It is important to note that the small initial difference that resulted in a substantially 
different subsequent evolution may come from an actual difference of initial values or 
from a lack precision in a physical measure, a decimal representation, or a calculation. 

3.2.12.14.1 Multiple attractors 

In some cases, the evolutions of a chaotic process may converge, after a number of 
stages, near several points of phase space called attractors, a notion we already 
presented. When the system's state is near an attractor, it can continue to evolve but it 
will remain in that vicinity. This happened in the case of the previous sequence, 
xn+1 = axn(1-xn) for some values of parameter a. The graph below plots this sequence, 
beginning again with x1 = 0.7, but after replacing a = 4 with a = 3; adapting the scale and 
the origin of the vertical axis, two attractors appear in the vicinities of x = 0.655 and 
x = 0.678. Attractors are accumulation points [101] of phase space. 
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Sequence xn+1 = 3 xn (1-xn) where x1 = 0.7 and n varies from 1 to 251:  
two attractors appear near x = 0.655 and x = 0.678 
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3.2.12.15 Accidents of genome replication and evolution toward complexity 

Here is another important sample evolution with attractors. 
 
We have seen that an initial state followed by a transformation sometimes produces 
multiple consequences. For example, molecular bonds with low probability may 
sometimes link molecules that, in general, remain independent; this may happen in living 
beings during genome replication. In the vast majority of cases, a genome is very 
accurately replicated, but from time to time accidents called mutations happen. In spite 
of being infrequent, these accidents are the primary cause of the evolution of species. 
The first appearance of a new species that derives from an existing species is so 
surprising that some people erroneously consider it a non-deterministic phenomenon. 
(The evolution of species may also result from an evolution of gene expression, as we 
shall see later.) 
 
Scientists noticed that species evolution occurs through important genetic mutations, not 
small variations; it is discontinuous, not continuous as Darwin initially thought [42]. This 
evolution appears in the graph below from recent research published by The New York 
Times of 11/16/2006 in article 
http://www.nytimes.com/2006/11/16/science/16neanderthal.html?th&emc=th. 
 
 

 

Evolution of hominids toward Neanderthals and man 

 

http://www.nytimes.com/2006/11/16/science/16neanderthal.html?th&emc=th
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The upper part of the graph, "Hominid family tree", shows a sudden initial separation of 
hominids into man+Neanderthal and chimpanzees 6.5 million years ago. The right hand 
side part of the graph is redrawn with a larger scale below; it represents the period 
starting 706,000 years ago when men and Neanderthals intermingled, then a sudden 
divergence between men and Neanderthals around -370,000. Neanderthals 
disappeared around -28,000. 
 
The research of Nobel 1977 chemistry laureate Ilya Prigogine on dissipative structures 
whose state is far from the thermodynamic equilibrium complemented and justified 
Darwin's research. It shows that multiple diffusion phenomena may lead to higher 
probabilities of occurrence at some points of phase space called strange attractors when 
the evolving system dissipates energy (which is the case for living beings). In the field of 
genetic mutations, the system's state converges then toward these attractors. 
 
Instead of evolving toward more disorganization, as the second law of thermodynamics 
predicts, the system may then evolve toward more complexity by self-structuring. That is 
why the evolution of species produced living beings of increasing complexity, apparently 
contradicting thermodynamics, an argument used by spiritualists who reject Darwin's 
materialistic evolution. 
 
Diversification comes with increased complexity, because half of each individual's 
genome comes from the father and half from the mother. Natural selection acts on living 
beings structured by both increased complexity and increased diversity. 
 
More about this subject below. Please see also the quotation of the Fields medal 
prizewinner René Thom about chance [226]. 

3.2.12.16 A heuristic approach of determinism 

Axiomatic approach or heuristic approach for determinism? 

The axiomatic approach [67] starts with a structured presentation of a scientific field. 
From this presentation, it deduces a result by applying to input data the a priori axioms 
and deduction rules of the axiomatic system it postulates. 
 
When we do not have all of the knowledge required to structure a field with the formal 
rigor of an axiomatic system, we can sometimes describe some special cases where 
given initial conditions (the cause) allow us to determine the outcome with certainty: this 
is a heuristic approach of determinism. 

Example: when the botanist Mendel established the laws of hybridization in 1865, 
he knew nothing about genetics, a science based on these laws that appeared in 
1906 (the word gene itself appeared in 1909). Mendel's laws describe special cases 
of progeny generation (first generation, subsequent generations) associated with 
probabilities of occurrence; they were established by induction based on a heuristic 
approach. 
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A heuristic approach examines all cases that appear, one by one, in order 

Á To find the case (or cases) that belong to the solution of the research and eliminate 
those that do not; 

Á Or to describe the evolution of each initial situation, and sometimes also evaluate its 
result if it appears interesting; 

Á Or to verify the absence of cases that would contradict a theory. 
 
This approach may be integrated within an axiomatic approach by defining as axioms 
tables that specify the decision to make or the calculation to perform in each case. 
 
When the transitions from causes to consequences are known only in some special 
cases, those examined by the heuristic, we are in a field that is not yet completely 
explored. However, this incompleteness has no impact on determinism, which is 
obviously not limited to fields that are perfectly well known: the behavior of nature is not 
a function of human knowledge. 

3.2.13 6th extension of determinism: irreversibility 

Traditional determinism's time symmetry is contradicted by thermodynamics, whose 
second law requires the entropy of an evolving isolated system to increase until it 
reaches a maximum, at thermal equilibrium [25]. The important implication of this law is 
that time flows from past to future: the forward direction of the "arrow of time" is from 
past toward future; a system's evolution is then deterministic from present to future and 
impossible in the opposite direction: we should extend our definition of determinism to 
account for that requirement. This subject was presented in paragraph "Understanding 
the second law of thermodynamics". 

The second law of thermodynamics applies whenever the individual energies of 
molecules follow a probability distribution described by statistical physics, and it 
makes evolutions of real systems irreversible. A reversible transformation is 
possible only if the total entropy of the evolving system is constant; if it increases or 
decreases the transformation is irreversible. Therefore, since erasing computer 
memory is an irreversible operation, it necessarily dissipates heat. 

 
The thermodynamics principle of entropy increase (a principle of increasing 
disorganization [25]) is a possibility condition. One gram of crystalline salt may dissolve 
in one liter of pure water only because the entropy of the resulting saltwater is greater 
than the entropy of the system where salt and water are separated. Moreover, saltwater 
does not spontaneously separate itself into pure water and salt because that would 
decrease its entropy: the dissolution of salt in pure water is a case of irreversibility. 
Radioactivity is another case, discussed below. 
 
The previous discussion should not lead us to believe that the irreversibility of a process 
may only result from the second law of thermodynamics. A spherical electromagnetic 
wave emitted by a point of space P at time t1 travels away from P in all directions of 
space at the speed of light, c. At time t2, it reaches all the points of a sphere S with 
center P and radius c(t2-t1). This phenomenon is irreversible simply because there is no 
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physical way to make it evolve in the opposite direction, thus forcing sphere S (on which 
the initial energy is distributed) to contract until it occupies only point P. Neither is it 
possible to contract all of space to a geometrical point, as would be the case in the 
Universe's hypothetical "Big Crunch". However, if we "viewed the film of events 
backwards" we could see the sphere contract: this shows us an example of the 
difference between physical reversibility (impossible in our example) and a change in the 
direction of time (which replaces t with ït in propagation equations). 

3.2.13.1 Explaining the unidirectional flow of time 

Understanding the unidirectional nature of the flow of time is important for understanding 
the causal principle. Here are two sample theories about this issue. 

It is due to cosmic expansion 

According to some cosmologists such as Hermann Bondi, quoted by [249], the flow of 
time is possible only in one direction, from present to future, because the Universe is 
expanding. For example, when two bodies at different temperatures are put in contact, 
the irreversible nature of their temperatures becoming equal may be a result of the 
Universe's expansion. The continuous increase of entropy would also be a consequence 
of that expansion. 
 
However, contrary to the hypothesis of Bondi and others, the Universe's expansion 
happens without creating matter and energy; it is similar to the expansion of a soap 
bubble with constant mass that floats in air; this certainty is a result of the success of the 
Big Bang theory. 

It is due to the structure of space-time 

A recent cosmological model [276] attributes the unidirectional flow of time to a structural 
requirement of space-time structure, when that structure must be compatible with both 
quantum mechanics and General Relativity within the framework of a geometry that 
appears fractal at atomic scale. 

3.2.13.2 Radioactivity and stability of atomic and nuclear particles 

The atomic nucleus of some elements may spontaneously decay (i.e. decompose, split) 
into several nucleuses, also emitting energy in the form of photons [117] and other 
particles. An element that may decay is called radioactive. Radioactivity results from the 
instability of a nucleus's energy. An unstable nucleus has a tendency to evolve toward 
greater stability, and this evolution is irreversible. 

Example: uranium with atomic mass 238 (element 92 in Mendeleev's periodic 
classification because its nucleus has 92 protons) decays into thorium 234 (element 

90), an alpha particle (ionized helium atom He4 ) and a quantity of energy 

Q = 4.268 MeV (1 MeV = 1.6021 10-13 joule); this reaction is written 
 

U92
238 ᴼ Th + He2

4
90

234     (Q = 4.268 MeV) 
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Subsequently, one atom of thorium Th90
234  decays into one atom of protactinium 

Pa91
234  (an element with same atomic mass, 234, as Th90

234  but with one extra proton 
resulting from the decay of one neutron of the nucleus into one proton, one electron 

and one antineutrino); the decomposition of Th90
234  also produces an electron e-, an 

antineutrino n*, and 0.263 MeV energy 
 

Th90
234 ᴼ Pa+ e + nᶻ91

234     (Q = 0.263 MeV) 
 
A nucleus may also split in a shock with another particle, for example when a fast 
neutron hits a uranium nucleus so violently that the nucleus goes out of shape and 
breaks. This happens in the nuclear fission process used in atom bombs, liberating 
devastating energy; it also produces elements lighter than uranium that are sometimes 
radioactive, and very dangerous electromagnetic radiation. 
 
In natural radioactivity, uranium decay occurs spontaneously, without external cause; 
the spontaneity is explained in the introductory text "Radioactive decay" and in [23]. Two 
Russian physicists, Flerov and Petrzhak, discovered in 1941 that uranium 238 decays 
spontaneously. The rate of decay is such that in a sample of uranium 238, half the 
atoms decay in 4.5 billion years; that duration is called the half-life of uranium 238. That 
is a very long time, about 1/3 of the age of the Universe (13.7.109 years). However, the 

number of atoms of U238  in a tiny sample of 1 milligram being about 3.1017, about 1 per 

second decays spontaneously, enough to make a particle counter tick. 
 
Spontaneous decay is observed in several heavy elements of mass number 230 or 

more. Some heavy elements have a far shorter half-life than U238  does: fermium Fm256 , 

for example, has a half-life of about 3 hours. 
 
Spontaneous decay also occurs for elementary particles. The half-life of a neutron 
outside a force field is about 13 minutes. It is fortunate for the Universe's stability that 
neutrons are almost always in such fields, so they are stable (if they were not, we would 
not exist!) Protons are far more stable, their half-life being about 1032 years. Some 
particles have an extremely short half-life, whether surrounded by a force field or not: the 

meson p0 (pion zero) has a half-life of about 10-16 second. 
 
Spontaneous decay is caused by energy instability, an intrinsic property of atomic 
nucleuses and particles [23]. From a causality point of view, we have to admit that 
nature creates from time to time unstable nucleuses and particles, and that man also 
knows how to create some when he makes transuranic elements such as fermium, or 
particles such as mesons. Therefore, nature's determinism may produce instability, a 
property such that the energy state of a particle will evolve without external cause 
toward a more stable state after some time, a phenomenon explained by quantum 
mechanics. 

Consequences for determinism 

We must conclude that, in addition to the irreversibility it sometimes displays, 
determinism may be 
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Á Multistage, when several evolutions follow one another automatically as in the case 
of decoherence; 

Á Fast or slow, when it governs the duration of an evolution; and this duration may 
vary relativistically with an observer's speed: a short-living particle whose motion is 
fast seems to live much longer for a motionless observer; 

Á Statistical, in the sense that the order in which the nucleuses of a radioactive 
object's atoms will decay is unpredictable, as is the time when a given nucleus will 
decay. 

 
The causality that governs the decay of nucleuses or particles is not perfectly explained 
yet [23]. Energy instability is not an efficient cause [39], it is a property; and the 
consequence which appears after some (variable) time does not affect a given nucleus 
or particle, it affects statistically a number of nucleuses or particles. We see here limits 
of the postulates of causality and determinism: some properties of the consequences 
are unpredictable at atomic level. Better said, some deterministic effects cannot be 
described correctly without using statistics on an entire population; they cannot be 
described by their effects on individual particles. Even if we find that global aspect of 
determinism surprising, we must accept it within the framework of extended 
determinism, because it is an objective reality. 

3.2.13.3 Irreversibility is real, not appearances 

According to [26] pages 29-30, famous scientists such as 1969 Nobel laureate for 
physics Murray Gell-Mann (father of the theory of quarks) believed that irreversibility is 
only appearances, a result of our insufficient knowledge of phenomena. Their opinion 
was based on the fact that entropy measures a lack of information [25], an absence that 
they hoped would end with the progress of science. 

Einstein made the same error in his evaluation of the probabilistic theories of 
quantum mechanics. He considered them temporary, and destined to be replaced 
by non-probabilistic models of reality after some progress of physics. He was wrong, 
and representations of matter such as Louis de Broglie's matter waves are an 
accurate image of reality, not appearances. 

 
Irreversibility is a real property of some processes. In some physical phenomena, 
entropy increase measures a natural evolution from order to disorder. That evolution is 
real, and no progress of our knowledge may ever interpret it differently. It is a property of 
natural radioactivity, for example. 
 
Reversible evolutions may only exist in theoretical (ideal) systems, whose state is near 
thermodynamic equilibrium (a situation such that heat exchanges no longer occur). 
 
A real system is unstable; it evolves. However, entropy increase is not unavoidable, and 
irreversibility may occur even if the system's evolution is toward increased order and a 
higher degree of organization. In systems that exchange energy with their environment 
in a natural irreversible process, the arrow of time may sometimes govern the evolution 
toward less entropy, i.e. less disorder. (Example below) 
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For more details on the arrow of time, see the discussion of Relativity and the flow of 
time. 

3.2.13.4 Entropy decrease - Dissipative structures - Self-organization 

Here is an example quoted by [26] page 31. It describes a system that exchanges heat 
with its environment and evolves irreversibly toward more organization, i.e. less entropy 
[25] ï thus contradicting the conclusion one may draw from a superficial understanding 
of determinism when it governs thermodynamics. 
 
Consider a system of two closed boxes linked by a pipe (figure below). At the beginning 
of the experiment, we fill it with a mixture of two gases, hydrogen H2 and nitrogen N2. 
The two gases spontaneously mix until each box contains the same proportion of 
nitrogen relative to hydrogen, at the same temperature T; the system's entropy 
increases until it reaches a maximum, at thermal equilibrium. 
 
 

 
 
Let us now warm up the left-hand side box to a temperature T1 > T, while we refrigerate 
the other box to a temperature T2 such that T2 < T < T1. The flow of heat, an irreversible 
phenomenon, destroys the gas mixture's homogeneity, decreasing the system's entropy 
and increasing its degree of organization: the hydrogen concentration increases in the 
warmer left-hand side box, and the nitrogen concentration increases in the colder right-
hand side box (explanation: [27]). 
 
Conclusion: an exchange of heat with its exterior can make a system evolve toward 
more organization (less entropy); irreversibility can have a constructive effect! 
Depending on context, determinism can lead to more disorder or more order. 
 
So Prigogine concludes, in [26] page 32, that irreversible processes play a constructive 
role in nature, a fact that some people who misunderstand thermodynamics consider 
impossible. 
 
When a system's state is far from thermal equilibrium, and particularly if it is nonlinear 
(dissipative) and exchanges matter and energy with its environment, its entropy does not 
necessarily increase; it may decrease, and the system may evolve toward more 

T1 T2 



212 
 

organization: that is the conclusion of Ilya Prigogine's research on the convergence in 
phase space toward attractor points. 

However, the entropy of the complete system (comprising the system that 
exchanges energy and its environment) must always increase: creating order 
somewhere is always compensated by at least as much extra disorder somewhere 
else; it is a law of thermodynamics and a characteristic of classical determinism, that 
this text extends step by step.) 

 
Here are excerpts from [26] pages 76-78 which describe the behavior of some chemical 
reactions that occur far from thermal equilibrium. 

"éseveral new phenomena occur: we can have oscillating chemical reactions, non-
equilibrium space structures, chemical waves. We called 'dissipative structures' 
these new space-time organizations." 

"édissipative structures generally increase the production of entropy." 

"I will not describe this reaction here. I simply want to evoke our amazement when 
we saw this reactive solution become blue, then red, then blue again [é] Billions of 
molecules evolved in synchrony and this coherence made the solution change color. 
That means that long range correlations appear in non-equilibrium conditions, 
correlations that do not exist at equilibrium." 

(When billions of molecules evolve synchronously, their synchrony proves the 
influence of a global, long-range determinism, a phenomenon we already 
exemplified.) 

 
These excerpts show a possibility of self-organization of the components of a chemical 
solution. Such a self-organized solution may, for example, oscillate or be traversed by 
chemical reaction waves. This oscillation reminds us of one we observed in a previous 
mathematical example. 
 
One last example, quoted by [26] page 79, states that dissipative non-equilibrium 
structures are a very frequent phenomenon, a property of extended determinism when it  
governs irreversible processes 

"édissipative non-equilibrium structures have been studied in many other fields 
such as hydrodynamics, optics and liquid crystals." 

3.2.13.5 Genetic program and determinism 

The genome of a living being, animal or vegetal, is a collection of elements called genes 
which are instructions for the synthesis of the being's protein molecules (long amino acid 
chains). Each gene (comprised of millions or billions of pairs of bases forming a DNA 
segment) defines a specific unit of heredity information, transmitted from one generation 
to the next. The structure and functions of each cell are defined by a genetic program 
(like a computer program) whose instructions and data are stored in the DNA molecular 
structures of chromosomes, plasmids, mitochondria and chloroplasts. 
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The genome may be considered a program whose execution (in computing language: 
whose interpretation) mediated by cellular mechanisms using RNA [85] creates proteins 
and living cells. The existence and action of this genetic program makes the creation of 
proteins and living cells a deterministic phenomenon. 
 
All cells of a given individual contain the same genome, originating in a single initial cell, 
the egg. However, an irreversible differentiation mechanism enables, with the same 
genome, the creation of many different types of cells, about 200 types in man. Each type 
is specialized; it features its own morphology and functions. 
 
The effect of heredity is that cats father cats of the same species; therefore, the genetic 
program is transmitted both, in a given individual, from the initial cell to all other cells, 
and from the individual to his descendants. The genetic program's determinism 
guarantees both the reproducibility of these two types of transmissions, and the 
differentiation into specialized types of cells. 
 
For correct execution, the genetic program requires well-defined conditions. For 
example, some proteins can only be synthesized if specific parts of the program 
executed correctly before. 

3.2.13.5.1 Genes and human behavior 

Scientists discover every month new ways genes influence human behavior. Sometimes 
a specific behavior is associated with a single gene, sometimes it is influenced by 
several [51]. The terrible Huntington disease and mucoviscidosis (cystic fibrosis), for 
example, are associated with a single gene. The book [154] pages 130-131 quotes the 
influence of the D4DR gene, located on chromosome 11: the number of occurrences of 
that gene on the chromosome determines the production of dopamine (a 
neurotransmitter [176]). The influence of dopamine on agreeable or unpleasant feelings 
is described below. In this section, all we need to know is that dopamine stimulates the 
body's activity; its absence or an insufficient level cause lethargy, whereas an 
overabundance causes hyperactivity, a desire for new experiences and risk taking. Text 
[230] quotes passerine birds (tits) that display more curiosity than others do, and have 
the same particular form of the D4DR gene as humans who are very curious. 
 
However, D4DR gene sequences do not suffice to account for a person's tendency to 
seek novelty or not, and to be hyperactive or not. They explain only a small part of that 
tendency. Most experiments about the relationship between genes and behavior provide 
only correlations, and it takes several genes to explain a specific behavior. In general, 
genetics accounts for only part of an inherited personality trait or aptitude, say 20% to 
60% of variance ([51] page 4), and acquired culture accounts for the rest. The proportion 
varies with the trait or aptitude considered, and with the individual. (See examples [228] 
and [231]). 
 
Therefore, a given individual is only partially determined at birth by his genetic heredity. 
If a hyperintelligent scientist marries a beauty queen, there is no guarantee that their 
progeny will have the father's intelligence and the mother's beauty. That may happen, 
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but one of their children may also have the father's beauty and the mother's intelligence, 
and traits inherited from grandparents. 

3.2.13.5.2 Cell renewal and persistence of personality 

During a person's life, most body cells are renewed several times. The phenomenon of 
cell appearance, disappearance or modification is called tissue renewal. Depending on 
cells, renewal in a human body may take place after a few days or a few months. Tissue 
renewal comes with exchanges of matter and energy between body and environment. 
 
Renewal of a given cell may be limited to a fraction of its cytoplasm. It may also replace 
the entire cell with another by mitosis, a process where an initial cell divides itself into 
two cells. 
 
Some types of cells cannot undergo mitosis; they cannot renew themselves. This is the 
case, for example, for heart and nerve cells [138]; however, a neuron may repair itself by 
renewing its axoplasm (axon cytoplasm). The absence of mitosis has an advantage: the 
corresponding cells cannot become cancerous. 

The renewal of a complex molecule may replace all of it, or only part of it. It is 
important to note, at this point, that two molecules of a given formula and structure 
(such as water molecules H2O) are identical, undistinguishable, regardless of their 
origin and present location; a water molecule in a human body is identical to a water 
molecule in a lake, regardless of the way it was formed. Further, an atom of a given 
type, with its protons, neutrons and electrons, is identical to another atom of the 
same type: an atom of iron 56Fe is identical in a fish and a car bumper. If we knew 
how to do it while respecting molecular structures, we could replace one by one all 
of the atoms of a living human body with identical atoms from another origin, and no 
visible modification of the person's body or personality would appear. 

 
The static and dynamic (behavior) characteristics of a living being are not due to 
properties of its atoms, they are due to the structures (collections of atoms bound 
together) of its molecules; these structures are the "program+data" structures 
responsible for all of those characteristics. (See the remarks [96] and [51]). 
 
We will return several times below to the subject of modeling living human beings using 
a computer and its software. 
 
In spite of tissue renewal and genome repairs (discussed below and in [32]), in spite of 
various mechanisms that adapt an organism to its environment, many of its external 
characteristics are persistent. Examples: the color of an adult's eyes does not change, 
or changes only seldom; an individual's personality is rather stable; and tissue renewal 
does not cause a person to lose memories. 
 
This persistence exemplifies the importance of genetic code, the "software" which is 
stable enough to transmit characteristics by heredity. Like a computer whose externally 
visible operation depends on its (portable) software and not on its hardware (except for 
performance), a man's personality depends on his genetic software, not on his body's 
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cells. For that reason, the materialistic doctrine cannot explain a man's behavior in a 
given context based on his cells alone, which correspond to a computer's hardware; it 
must also take into account his genetic software [51]. 
 
We shall now see that a man's personality has both an innate part, inherited through his 
genome, and an acquired part due to his experiences and the culture received from his 
family and other people. 

3.2.13.5.3 Evolution of the genetic program 

In the course of development of an individual organism (its ontogeny [78]) and the 
circumstances of its life, and as individual characteristics are transmitted between 
generations by heredity, some mechanisms of protein and cell creation may be altered: 
some of the genetic program can modify (reprogram) itself automatically. 
 
Adaption due to genetic self-programmed mutation is reported in article [258], where we 
find the following 

"It takes just 15 generations [é] for the flies to become genetically programmed to 
learn better. At the beginning of the experiment, the flies take many hours to learn 
the difference between the normal and [toxic] quinine-spiked jellies. The fast-
learning strain of flies needs less than an hour." 

 
Another example of genetic adaption is translated from [80] 

"Around the years 1946-1948, Boris Ephrussi noticed that a culture of diploid or 
haploid yeast produces after bedding out, within a few days, a colony identical to the 
mother cells, except, in a few cases, for 1% to 2% smaller cells. The smaller colony 
thus produced through mutation subsequently produces only colonies of small cells: 
the mutation is irreversible. Spraying cells of the original natural colony with 
acriflavine changes the proportion of mutations to 100%. The mutants grow slowly 
because they cannot breathe, their metabolism is exclusively fermentative; they 
have lost the ability to synthesize some breathing enzymes." 

"Ephrussi concluded that the natural yeast stock and the small colony differed by 
the absence, in the latter, of cytoplasm units genetically required to synthesize some 
breathing enzymes." 

"In 1968, research proved that the small colony mutation results from an important 
alteration of mitochondrial DNA. This molecule contains 75,000 pairs of bases. The 
small colony mutation was associated with a severance and an amplification of DNA 
fragments terminated by CCGG and GGCC sequences." 

 
Such alterations of the genetic program, called mutations, are sometimes accidental, as 
per our previous discussion. Other alterations result from environmental aggressions 
such as absorbing noxious chemical substances, or ionizing radiation such as X rays or 
ultraviolet rays. Many such mutations are ineffective, and their harmful consequences 
are canceled by DNA repair mechanisms using enzymes [32]. Other mutations, such as 
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those that produce antibodies for infection resistance, are necessary for the individual's 
adaption to his environment. 
 
Other examples of mutations are: 

Á The adaption of many insects to pesticides, the increasing resistance of many types 
of bacteria to antibiotics, and the mutations of viruses; 

Á The inhabitants of East Asia, who had for centuries a diet with more starch than 
Europeans, have in their genome extra copies of a gene that helps digest starch; 
Europeans do not have those extra copies. Human genome adapts to living habits, 
and these adaptions are transmitted between generations. 

3.2.13.5.4 Evolution of a population 

A population evolves when individuals that have some characteristics (such as height) 
have more descendants than others; these characteristics then become more frequent 
in the following generations. 
 
When inherited genetic characteristics of a population change with time, the population 
undergoes a biological evolution. When such an evolution improves individuals' ability to 
survive and have many descendants, the population is said to adapt to its environment. 
Natural selection favors the survival and multiplication of those populations that are best 
suited to their environment, and disadvantages the others. 
 
When the evolution of a living species, A, produces individuals that differ sufficiently 
from those of A while being sufficiently alike to constitute another species, B, there is 
speciation. This phenomenon is explained by the existence of multiple attractors. The 
individuals of species B have many characteristics in common with those of A. 
Biodiversity results from many successive speciations. 

Remark: man is not a descendant of ape; they have a common ancestor. 
 
Darwin's theory of evolution is proven by: 

Á Paleontology, which shows that between today's species and very ancient species 
there were intermediate species; 

Á Physiological and genetic characteristics common to species that have a common 
ancestor; 

Á Observation of genetic modifications in a given population, particularly in man-made 
crossbreeds. 

Á Continental drift and separation, which explains 

¶ The existence of the same species, or of species that have a common ancestor, 
in distinct continental masses that came apart about 200 million years ago; 

¶ The presence only in particular locations of species that evolved after this 
separation. 
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Darwin's greatest error was to believe that mutations produced progressive speciations; 
we know today that they produce important discontinuities. However, this error does not 
disprove the basis of the theory of evolution (genetic mutations), or natural selection. We 
shall see that in more detail below. 

3.2.13.5.5 Evolution due to a modification of gene expression 

Article [89] describes recent research which shows that Darwinian evolution by genetic 
mutations, which acts in the long term (over thousands of years), is also caused by 
mutation of gene expression (the process by which cellular mechanisms interpret genes 
to make proteins). This expression mutation is sometimes due to a very simple process 
that affects a single gene and produces a result as early as the next generation, 
sometimes after only a few months; sometimes the mutation affects several genes; and 
sometimes its effect is immediate [227]. 

The recent research account [243] confirms that sometimes a simple methyl radical 
(CH3, 4 atoms only) that binds to a gene is enough to inhibit its expression, which 
produces dramatic effects on the organism. There are a number of such "chemical 
switches" that activate or inhibit a gene's expression, with important effects on most 
non-infectious disorders (cancer, obesity, neurological disorders, etc.) Such 
activations or inhibitions may have life-long effect or only temporary effect. These 
effects are "all-or-nothing"; they are absolutely deterministic, and their action is 
similar to the action of software switches on computer programs. 

 
The development of an organism by ontogeny [78] is governed by a gene hierarchy 
where each level directs the level below. This hierarchy favors the evolution of some 
organ shapes and forbids others. A given gene hierarchy is in general hereditary: it 
transmits itself to all descendants, whose gene expressions will be the same. 

Example 1: type PAX6 genes determine the development of eyes in beings as 
different as men and flies. 

Example 2: in the Galapagos Islands, all Fringillidae (birds of the finch family) 
descend from the same ancestors who came from the continent. However, they 
differ strongly from continental Fringillidae by: the shape and size of their beak, 
adapted to the food available in those islands; their overall size, much larger and 
resulting in more robustness; and also by other characteristics that show adaption. 
Excerpt: 

"Over the course of 30 years, annual measurement of finches shows that both body 
size and beak size evolved significantly. But they did not do so in a smooth, 
consistent fashion. Instead, natural selection jittered about, often changing direction 
from one season to the next. 

As the abundance of different seeds fluctuated, so too did the beak sizes. One year, 
larger beaks were more successful; then it was smaller beaks. Over time, the 
average shape of the beak kept shifting, but it did so in an unpredictable, erratic sort 
of way, like a drunken man staggering about. Thus, some of the most dramatic 
changes were later reversed, and if beaks had only been measured at the beginning 
and at the end of the thirty years, the total amount of evolutionary change would 
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have been underestimated. (Beak size has continued to evolve: the arrival on the 
island of a competitor for large seeds has subsequently favored small beak sizes in 
Geospiza fortis. Many individuals with larger beaks starved to death.)" 

Researchers discovered that all these evolutions result from a stronger expression 
of gene BMP4, which governs production of a protein (also called BMP4) in 
proportion with the gene's expression. Increasing artificially the production of that 
protein in chicken embryos, they obtained bigger chicken with much stronger beaks, 
which confirms that BMP4 is indeed the cause of those fast evolutions. 

 
The discovery of the importance of gene expression in evolution, and the fact that a 
change of expression (sometimes of only one gene) may determine a very short term 
evolution, are a recent and fundamental development of evolution theory, which until 
now considered only genome mutation, with its long term effects. 
 
We know today that new living species may appear following an evolution of the 
expression of existing, non-mutated genes. 

Scientists discovered that the genes required for legs and fingers to appear existed 
for a long time in very ancient fish (Tiktaalik) when an evolution of their expression 
enabled growth of these new types of organs. Since legs and fingers are 
indispensable for a water animal to be able to leave that environment and walk on 
ground, the evolution of Tiktaalik fish enabled them to exit water and become 
tetrapods [90]. 

 
We also know that a long-lasting living habit, an important change of living habit, or 
intensive training, lead to an adaption of an individual's organism by modification of the 
expression of some genes. Consequences may be: 

Á The adaption of some neurons, which may multiply their synapses [268] to adapt the 
organism to a frequent activity; this is the case, for example, for pianists who 
practice 8 hours per day and athletes who train frequently. 

Á The adaption of organs such as muscles, bones, etc. 

3.2.13.5.6 Conclusion about genetic determinism 

The action of the genetic program on living beings is deterministic. Some deterministic 
mechanisms enable replications for heredity; others provide resistance to environmental 
aggressions; others still adapt individuals to changing living conditions. The genetic 
program is self-adapting within certain limits, self-adaption being a characteristic of the 
determinism that governs living beings. More details on this subject, which is an 
important part of determinism, later on. 
 
At this point, however, we can state with absolute certainty that living beings are subject 
to genetic determinism, which is self-adapting and acts in the long term by genome 
mutation in heredity, and in the short term by modifying gene expression to adapt an 
individual to changing life conditions. 
 
See also universals [168], another important part of human determinism. 
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3.2.13.6 Life, organization, complexity and entropy 

According to a simple dualism [95], life is characterized by two types of organizations, 
whose order contrasts with the disorder (or the simple order) of inanimate matter: 

Á The architectural organization, which is static and concerns: 

¶ Genetic code, where the sequence of molecules is a program whose logic 
determines functions such as enzyme specialization; 

¶ Cells, with their many different specialized types (blood cells are not neuron 
cells, etc.); 

Á The functional organization, which is dynamic and coordinates the thousands of 
chemical reactions of a living being. This organization comprises regular, periodic 
rhythms such as those of the heart, and arrhythmic mechanisms such as the brain's 
neuronal processes. 

 
These two organizations are closely integrated, each influencing the other (a two-way 
determinism). 
 
A living being is a dissipative system: it keeps exchanging matter and energy with its 
environment, which proves its permanent instability, both thermodynamic and chemical; 
this instability ceases only with death. During all its life, parts of a living being are 
destroyed and created. Indeed, instability is a necessary condition for its vital processes 
to function, and for the self-organization that enables it to constantly adapt to its 
environment [33]. 
 
When a living being eats or grows, it becomes more complex, its matter becomes more 
organized. Complexifying decreases the entropy [25] of the being that organizes itself, 
and increases the entropy of the environment. The second law of thermodynamics, "the 
global system's entropy always increases", is respected; however, the entropy decrease 
of its living being part obeys a particular process: it results from energy dissipation and 
exchange of matter by the being, in a state far from thermodynamic and chemical 
equilibrium. 
 
In short, a living being's complexifying is the result of a succession of instabilities, in the 
absence of which life could not have continued. Our conception of determinism must 
therefore take into account life's requirements of instability and dissipation of energy and 
matter. 

3.2.13.6.1 Appearance of life and evolution of species 

Over a long period of time, a million years or so, species evolution studied by Darwin 
may also progress toward complexity. That evolution is due to accidental genetic 
mutations, and natural selection favors the best-adapted species (gene expression 
variations favor adaption much more than complexifying). 

We have seen that, contrary to Darwin's assumption that a species' evolution is 
almost continuous, "one small step at a time", strange attractors cause the evolution 
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to make big leaps such as the sudden appearance of a new species like 
Neanderthal man. 

 
Schematically, the stages that lead to perennial genetic mutations are: 

Á The living being is subject to the constraints of its environment that determine 
instability thresholds in phase space; 

Á The fluctuation near each threshold that will be amplified, and the attractor toward 
which it will evolve, are then selected randomly by a chaotic process. 

In this process, chance plays the same role as in choosing one state among a set of 
possible states in quantum mechanics, a role limited to a choice between the 
elements of a predefined set governed by a particular determinism, the determinism 
of life. 

 
See also the quotation of the Fields medal prizewinner René Thom about chance [226]. 

3.2.13.6.2 Indisputable proofs of Darwinian evolution 

The subject here is proving the evolution of genetic programs presented above. 
 
A scientific theory is considered proven when 

Á It explains observations that were not explained before, or were poorly explained; 

Á It predicts facts previously unknown, and these predictions are verified; 

Á It is not contradicted by some of its consequences or some known facts, after being 
submitted to the scientific community for consensus or refutation. 

 
(For further details, see paragraphs "Definition of a scientific theory for an empirical 
science" and "Criteria for considering a theory scientific and publishable".) 
 
Darwin's evolutionism satisfied criteria 1 and 3 above since the first publication of "The 
origin of species" [42] in 1859. The more recent genetic interpretation of this theory is 
based on accidental genetic mutations due to molecular bonds in the genome, bonds 
that may infrequently be established when they shouldn't be, or not be established when 
they should be. The probability of such accidents results from quantum mechanical 
calculations. 
 
Article [192] shows that condition 2 above is satisfied since the 1920's: scientists 
showed at that time that when barley genome is subject to accidental perturbations of its 
molecular energy due to X or gamma rays, multiple artificial mutations occur. This 
experiment produced plants whose color was white, pale yellow or with stripes of 
alternate colors. Since that date, artificial mutations are routinely caused in many 
countries to produce new species that are more resistant or have better yields. 
 
The difference between this mutation, that artificially perturbs genome molecular binding 
energies using X or gamma rays, and genetically modified organisms (GMO's), is 
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simple: radiation-induced modifications act as nature does, only faster and more 
frequently, whereas the GMO approach deliberately adds a foreign gene to an organism. 
In both approaches, scientists have to test the properties of the new living beings, to 
retain the useful ones. 
 
Nowadays, about half the rice grown in California comes from an artificial mutant called 
Calrose 76, and three quarters of Texas-grown grapefruit come from two mutated 
varieties colored red, Star Ruby (created in 1971), and Rio Red (created in 1985). 
Artificial mutation is also used to obtain new plants in Europe and Asia. 
 
Creating new species by mutation is a natural process that man only initiates or 
accelerates; this technique never produced any incident, and it was never challenged, 
contrary to the GMO approach. 

3.2.13.6.3 The stubbornness of creationists 

We have just seen that species appearance is due to genetic mutations, that this theory 
is scientifically proven, and that man knows how to put it to good use. Therefore, it is 
astonishing that so many people reject the validity of evolutionism by arguing that it 
contradicts Biblical revelations; they prefer to believe that God created each species as 
it is today. In the United States, at the end of 2005, debates still raged in at least 16 
states about what should be taught to teenagers: evolutionism, creationism, or both on 
an equal footing disregarding the fact that they are mutually exclusive. In the U.S., 
evolutionism is still often presented as one of plausible theories, the other being Biblical 
creationism [244]. We also saw, in Part 1 of this book, that in 2005 a highly respected 
official of the Roman Catholic Church, Cardinal Schönborn, archbishop of Vienna, wrote 
to The New York Times that the Roman Catholic Church considers evolutionism false. 
Fortunately, Pope Benedict XVI, his superior in the Roman Catholic hierarchy, admits 
evolutionism and states only that the origin of the world is God's creative will [D7]. 
 
Kant, the great philosopher, defined living organisms by their ability to be governed by 
internal finalities, resulting from a superior intelligence that orients life phenomena 
toward final goals. This teleological explanation, due to his faith in God and to the 
absence, in his time, of scientific knowledge that contradicts finalism, is disproved by 
modern self-organization theories that show how life's complex structures and functions 
result from natural deterministic phenomena. We saw that in Part 1, section "Weakness 
of teleological arguments". 

3.2.13.7 Gravitational collapse and irreversibility ï Black Holes 

A star's gravitational collapse is an example of irreversibility that has particular 
consequences on our definition of determinism. Let us first summarize the gravitational 
collapse phenomenon. 
 
During the greater part of its life, a star is stable. The thermonuclear fusion reaction that 
transforms hydrogen into helium in the star's core radiates electromagnetic waves that 
carry away the energy equivalent of mass lost during the fusion reaction. The radiation 
pressure thus exerted on the star's outer layers balances the gravitational pull on these 
layers, which remain stable. However, the star's supply of hydrogen runs out little by 
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little: for example, our Sun (designated below by the character  , its mass being 
designated by M ) loses during each second 4.3 million tons of hydrogen transformed 
into radiation. (Its mass is so huge - M  = 2 1030 kg ï that it can afford to continue 
losing mass at that rate during billions of years). 
 
Stellar outer layer hydrogen being converted progressively into heavier helium, the mass 
of the star's heart increases little by little, while its diameter decreases due to the 
increasing gravitational pressure of its own weight. Simultaneously, the temperatures of 
the heart and of the star's outer layers increase, the star swells and becomes a giant. 

The   heart's temperature will thus change from 15 million Kelvin degrees today to 
120 million Kelvin degrees in a few billion years; it will then be warm enough to 
transform helium itself into heavier elements such as beryllium, oxygen, silicon and 
carbon with other fusion reactions. The final stage will be a transformation of the 
star's core into iron, which is the most stable element and cannot undergo 
thermonuclear fusion. 

 
However, outer stellar layers that swell end up cooling, and the star's color ends up 
turning red: the star becomes a red giant. In about 5 billion years, our   will swell, its 
current diameter of 1.4 million km will grow by a factor of 100 to 250, and it may become 
large enough to include the Earth's orbit. 
 
Running out of nuclear fuel, the red giant will then contract until only its core remains, 
and that core will be only about as large as Earth, with its radius of 6378 km: the former 
red giant will have become a dwarf. In addition, since this dwarf's temperature will be 
extremely high, its color will be white: the star will then be a white dwarf. 
 
The density of a white dwarf is extremely high because most of the star's initial mass 
was not converted to radiation and is now packed within a diameter 100 times smaller 
than the star's original diameter, i.e. in a volume 1 million times smaller. This density is 
about 108 to 1012 kg/m3 (between 100,000 and 1,000,000,000 times the density of liquid 
water.) The pressure within a white dwarf's matter is therefore fantastic. 
 
How can matter resist such pressure? There are two successive "lines of defense", both 
based on a quantum mechanics theorem known as the Pauli Exclusion Principle. 

3.2.13.7.1 Pauli Exclusion Principle 

This principle asserts that when two distinct particles (such as electrons) are both 
fermions, they cannot be in the same quantum state (described by the same wave 
function); however, when they are both bosons, they can. Example: two electrons 
cannot be in the same place at the same time if they do not differ by some other state 
variable such as spin [22]. 
 
However, any number of bosons (such as a photon or a helium 4 atom) may be 
simultaneously in the same quantum state: an arbitrary number of such particles may be 
at the same place at the same time, a surprising possibility. Examples: 

Á Photons with same frequency, a property used in lasers; 
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Á Helium 4 atoms: in the specific phase called helium II, at very low temperature, 
helium 4 exhibits superfluidity, with frictionless flowing, very high heat conductivity, 
and flowing over the rim of a container. 

3.2.13.7.2 Chandrasekhar limit mass - Supernova 

The Indian physicist Chandrasekhar demonstrated that when the mass of a star's core 
exceeds 1.44 M , the pressure on its atoms is so high that their mechanical resistance 
due to the Pauli Exclusion Principle applied to electrons no longer suffices: electrons are 
no longer able to resist the attraction of their atom's core. They merge then with the 
protons of that nucleus, forming neutrons. 
 
The first line of defense against gravitational pressure has just given: as soon as the 
increasing mass of a star's iron core exceeds 1.44 M , this core collapses, its protons 
and electrons become neutrons; the star's core is now a neutron star. The star's outer 
layers, gravitationally attracted by that core (that does not generate radiation pressure), 
collapse about one second later, and then rebound off the core producing a shock wave. 
That wave propagates toward the star's outer layers producing an extremely violent 
explosion called supernova, whose brightness may exceed during several days the 
brightness of an entire galaxy of 100 billion stars. The explosion ejects part of the star's 
mass as a cloud of warm gas that expands rapidly, at about 10,000 km/s [285]. The 
photograph below shows such a cloud, the Crab nebula, at the center of which is the 
neutron star of the initial core. 
 
There is another type of supernova explosion [285]. It goes off spontaneously when the 
core of a white dwarf star that may undergo fusion reaches a critical mass, for example 
when the star's mass increases due to accretion of matter from a companion star that 
forms a binary system with it. A colossal thermonuclear explosion is then due to the 
fusion of the star's carbon and oxygen layers into radioactive nickel, with enormous 
energy output. That energy propagates explosively toward the star's exterior, destroying 
the star completely. The gaseous debris left over by the explosion is then illuminated 
during several weeks or months by the radiation of the decaying nickel. 
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Crab Nebula, remains of a thermonuclear explosion observed in 1572 [131] 
 
 
Most stars, including our  , have a mass less than 1.44 M , so they will not explode as 
a supernova. After their red giant phase, they will become white dwarfs that will 
progressively cool down and become dark when their nuclear fuel is exhausted. 

3.2.13.7.3 Neutron stars 

The result of the gravitational collapse of a star whose core weighs more than 1.44 M  
is called a neutron star. Its atoms have become neutrons, packed so tightly that its 
radius is about 10 km. The density of such a star is mind-boggling, about 100,000 times 
higher than the density of a white dwarf. The neutrons of its core are packed so tightly 
that they behave like a giant atomic nucleus, held together by its own gravity. 
 
In accordance with the principle of angular momentum conservation, the neutron star 
concentrates all of the angular momentum of its parent stellar core in a radius that is 
1000 times smaller. Therefore, it rotates very fast about its axis, 30 times per second, for 
example, in the case of the neutron star at the center of the Crab nebula. Moreover, 
since neutron stars also have very strong magnetic fields, greater than 108 teslas, this 
rotation generates electromagnetic radiation. The frequency of this radiation is extremely 
stable and such stars are called pulsars. 

http://antwrp.gsfc.nasa.gov/apod/image/9911/crab_vlt_big.jpg
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3.2.13.7.4 Black holes 

The gravitational collapse of a neutron star is halted by the second line of defense, also 
a consequence of the Pauli Exclusion Principle, but applied to neutrons instead of 
atomic electrons. Neutrons being fermions, two neutrons cannot be in the same 
quantum state, so they cannot be superimposed in the same location. However, this line 
of defense can also give when the neutron star's residual mass after the supernova 
explosion exceeds about 2.5 to 3 M . Calculations show, then, that nothing can stop 
the gravitational collapse: all of the neutron star's mass-energy collapses until its 
diameter is infinitely small, i.e. until all of this mass is concentrated in a geometrical 
point: the star has become a black hole. 
 
General Relativity associates a curvature of space-time to the vicinity of each mass. 
Since a black hole's mass may reach, or even exceed, 1 billion M , space-time in its 
vicinity is strongly curved, its geometry is spherical [109]. In such a spherical space, 
geodesics (the lines of shortest distance between two points) are no longer straight 
lines. In spite of the speed of light, c, remaining the same, the light cones along a world 
line that represents matter undergoing gravitational collapse are bent in the direction of 
the star's center. 
 
When collapsing matter reaches a certain distance from the center called the horizon, H, 
the tilting of the light cone relative to the vertical axis (ct axis) of the Minkowski space-
time diagram becomes such that no particle may distance itself from the center, whether 
it has mass, or not: the particle is then trapped in the black hole, it can no longer leave it. 
The space in the vicinity of the black hole is so curved that even light cannot leave it; the 
name black hole was given to this body because it cannot be seen, since no light 
radiates from it or travels through it. 

A black hole cannot be seen, but its presence is deduced from 

¶ Matter that revolves around it, such as a star satellite of the hole; 

¶ Interstellar gas falling in a spiral into the hole, where it disappears (see figure 
below). 

When this phenomenon is extremely luminous, the black hole is called quasar 
(quasi-stellar object); at a distance of billions of light-years it produces 100 to 
1000 times more light than an entire galaxy with a diameter of 100,000 light-
years! 

¶ The observation of two jets of particles, on each side of the black hole, 
accelerated to relativistic speeds, that create immense gas lobes, sometimes 
over one light-year long; 

¶ Particles accelerated by their encounter with the horizon sphere of the hole, 
which revolves rapidly; such particles move away from the hole very fast. 

The formation of a black hole or its absorption of another stellar body also generates 
gravitational waves that scientists are trying to detect. 

 
When a galaxy contains a black hole (a very frequent event), this hole deflects light rays 
from other galaxies located behind it that travel toward Earth. The light rays are 
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deflected because they follow the geodesics of the curved space near the black hole. 
Rays passing on one side of the hole and rays passing on the other side produce 
several distinct images of the same hidden galaxy, a phenomenon called gravitational 
mirage or gravitational lensing. A distant galaxy, seen from Earth as a geometrical point, 
produces the same effect as a black hole for another galaxy located behind. 

Horizon of a black hole's events 

The size of a black hole proper is infinitely small, but the spherical region of space 
around it that no mass or energy may leave has a finite radius, the black hole's event 
horizon (or simply horizon). In practice, all matter and radiation inside this horizon being 
invisible outside, the black hole seems to have a radius, R, equal to its horizon's size 
 

2

2

c

GM
R=  

 
where 

Á G is the universal gravitational constant, G = 6.67 10-11 Nm2/kg2; 

Á M is the black hole's mass (the Sun's mass is M  = 2 1030 kg); 

Á c2 is the square of the speed of light (c2 = 9 1016 m2/s2 approximately). 
 
The above radius, R, is called Schwarzschild radius, or gravitational radius, or simply 
radius of the black hole. This radius is proportional to its mass; for a hole of mass 
10 M , R is about 30 km. 

3.2.13.7.5 Masses and dimensions in the Universe 

So far, the phenomenon of black hole formation has been presented as the collapse of a 
heavy star. In fact, it may occur whenever, in a region of space, the density (mass per 
unit of volume) is sufficient to cause gravitational collapse. 
 
The diagram below, from [132], characterizes various objects with sizes varying from the 
size of an atomic nucleus to the size of a cluster of galaxies and the size of the entire 
observable Universe, by their mass (in French, "masse", abscissa) and their size (in 
French, "rayon" ï radius, ordinate). 
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Á Abscissa units: decimal multiples of 1 gram, logarithmic scale; 

Á Ordinate units (dimensions): 

¶ Left axis: from 1 fermi (1 fm = 10-15 m) to 1 Angstrom (1 Å = 10-10 m) to 1 UA 
(astronomical unit = 150 millions of km) to 1 parsec (1 pc = 3.26 light-years) to 
1010 light-years, logarithmic scale. 

¶ Right axis: centimeters, logarithmic scale. 

Á Translation of various terms: 

¶ al (abbreviation for années-lumière): light-years; 

¶ noyaux: atomic nucleuses; 

¶ poussière interstellaire: interstellar dust; 

¶ naines blanches: white dwarfs; 
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¶ Soleil: Sun; 

¶ amas d'étoiles, amas de galaxies: star clusters, galaxy clusters; 

¶ RAYON GRAVITATIONNEL: gravitational radius; the reddish brown triangular 
area to the right of this line is the black hole region. 

 
Since a black hole begins to form when the density of surrounding matter is sufficient 
(the minimum density required is inversely proportional to the square of mass), it may 
also form for very small dense objects. An atomic nucleus with diameter of a few fermis 
has a density of about 2.7 1017 kg/m3, higher than the density of the horizon sphere of a 
black hole of 10 M , which is about 1.8 1017 kg/m3: it does not take much compression 
to make it collapse and form a black hole. 

3.2.13.7.6 Gravitational attraction in the vicinity of a collapsed star 

Collapsed or not, a stellar body with mass M attracts another body with mass M' located 
at a distance d of its center with a force F = GMM'/d2. This force applies to the mass M' 
an acceleration, a, such that F = M'a. Therefore, GMM'/d2 = M'a, and the acceleration 
due to the stellar body's attraction is 
 

2d

GM
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Sample accelerations: 

Á At the surface of Earth, the acceleration due to gravity is g = 9.8 m/s2; 

Á The Earth revolves at a distance of 150 million km from the  , which exerts on it an 
acceleration of 0.006 m/s2, 1600 times less than g; 

Á At a distance of 10,000 km from the center of a white dwarf with mass 1 M  (i.e. 
near its surface), the acceleration is 1.3 106 m/s2, 130,000 times greater than g; 

Á At a distance of 10 km from the center of a neutron star with mass 2 M  (i.e. near 
its surface), the acceleration is 26.7 1011 m/s2, 272 billion times greater than g; 

Á At a distance of 1 million km from a black hole with mass 10 M  (33,000 times the 
distance of its horizon) the acceleration is 1340 m/s2, 140 times greater than g. 

 
These numbers show that a dead stellar body attracts very strongly all matter located in 
its vicinity. This matter ends up falling on it and merging with it. 

Binary stars 

In a binary stellar system, two stars revolve around their common center of gravity. Such 
systems are very common: about one-half of all stars form a binary system with another 
star, our   being an exception. When one of the stars is an ordinary star (either a dwarf 
such as the   or a larger star), and the stars are very close to one another, and the 
other star is a white dwarf, a neutron star or a black hole, the very dense star exerts 
such as strong attraction on the ordinary star that it keeps pulling from it matter that falls 
on it creating a "accretion disk": the dense star "devours" the regular star, thereby 
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becoming "fatter and fatter". The schema below, due to NASA 
http://antwrp.gsfc.nasa.gov/apod/image/9912/accretiondisk_hst_big.gif, illustrates this 
phenomenon. 
 
If accretion makes a white dwarf's core heavier than 1.44 M , it will collapse and 
become a neutron star; and if accretion makes a neutron star heavier than 2.5 to 3 M , 
it will collapse and form a black bole. 
 
 

 

Very dense star of a binary system "devouring" its companion: 
 matter spirals down to the dense star forming an accretion disk 

 

Tidal force 

The attraction exerted by a collapsed star on another body nearby varies very rapidly 
from one point of this body to another. A body that weighs M' kg, located at x meters 
form the center of gravity of a collapsed star weighing M kg is attracted by a force 
F(x) = GMM'/x2. When distance x varies, the force varies like the derivative of function 
F(x), dF/dx = -2GMM'/x3, a function that varies as the inverse cube of distance x. 
 
Example: consider a man who falls (feet first) through the horizon of a black hole with 
mass M = 10 M , at a distance of x = 30 km from the hole. Between the man's feet and 
his head, over a distance of 1.7 m, each kg of his body is subject to a difference of 
attraction force dF = (-2GM/x3)dx = 1.7 107 kgf, i.e. 17,000 metric tons! Since the man's 
feet are dragged more strongly than his head is, the poor fellow is stretched to pieces; at 

http://antwrp.gsfc.nasa.gov/apod/image/9912/accretiondisk_hst_big.gif
http://www.astronet.ru/db/xware/msg/1162755/accretiondisk_hst_big.gif.html
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the same time, his body is also strongly compressed laterally in both directions 
perpendicular to the fall, his total volume remaining constant. 

Fortunately (assuming something may be fortunate in such tragic circumstances!) 
the poor man's torture would not last long, for his fall into the hole would be 
extremely fast due to the fantastic gravitational acceleration, about 150 billon g! 

 
The phenomenon that causes the stretching and compressing is called tidal force. It 
destroys all matter falling onto a collapsed star, including each individual molecule, each 
atom and even each atomic nucleus: no corpuscle can resist. In fact, this phenomenon 
is the same ï except for its scale ï as ocean tides on Earth, due to the attractions of the 
Moon and  . The attraction exerted by the Moon (or  ) on the ocean is stronger on the 
side of the Earth closer to that celestial body than it is on the Earth, and stronger on the 
Earth than it is on the ocean on the farther side. The schema below shows the effect of 
the tidal attraction force due to the Moon. 
 
 

 
 

3.2.13.7.7 Succession of events when a body falls into a black hole 

Disregarding the above tidal force and its stretching and compressing, an observer, A, 
falling into a black hole would not notice anything special on his watch while crossing the 
hole's horizon. However, an observer, B, outside the horizon would see A move slower 
and slower and become motionless when he reaches the horizon, since on this surface 
the time seen from outside no longer flows. Therefore, for an external observer, B, 
nothing enters the black hole, all falling matter stops on its horizon: this is one of the 
paradoxes of General Relativity. 
 
In fact, the image of A seen by B when A crosses the horizon would progressively 
become less luminous and fuzzier, because it would come from the part of A that is still 
outside the horizon and becomes smaller and smaller: B would see A disappear by 
seeing its image weakening; and since the black hole is invisible, after a while B would 

Earth 

Ocean 

Moon 
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no longer see anything ï or he would only see the radiation emitted by matter that 
continues to spiral into the black hole and warms up due to compression and friction. 

3.2.13.7.8 Irreversibility of stellar fusions and of gravitational collapse 

The fusion of hydrogen into helium in a star is irreversible, because a would-be fission of 
helium into hydrogen would contradict the entropy increase required by 
thermodynamics. Indeed, if the available mass and the surrounding temperature are 
suitable, a star undergoes a succession of fusion reactions that end up creating an iron 
core, iron being an element so stable that nature cannot create heavier elements except 
during supernova explosions. In short, all nuclear reactions occurring during a star's life 
are irreversible, including when (and if) it explodes as a supernova. 
 
Gravitational collapse is also obviously irreversible. A white dwarf, a neutron star or a 
black hole will keep growing as long as matter is available in their vicinity. When none is 
available, they will wait forever in a quiescent, stationary state. Two stars may also 
merge if they collide. 
 
A star's gravitational collapse respects conservation laws: 

Á The sum mass + energy of the collapsed star and the initial star are the same, 
taking into account the kinetic energy and its gravitational potential energy, minus 
energy radiated during the collapse, by the accretion disk and as gravitational 
waves; 

Á The angular momentum is also conserved; but since the collapsed star's radius is 
much smaller than the radius of the initial star, it rotates much faster; 

Á The electric charge is also conserved. 

Black hole entropy 

A quiescent black hole (one that is not absorbing matter) can be described with only 3 
parameters: two real numbers for its mass and electric charge, and a vector for its 
angular momentum. Therefore, when a black hole becomes stable after absorbing a 
mass of matter, it does not keep any memory of this matter's parameters. The black 
hole's mass, electric charge and angular momentum change and that is all: nothing is 
left of the absorbed matter's shape, color, atomic or molecular composition, etc., lost 
when it went through the horizon. The simplicity of a black hole's information is 
summarized in the physicists' saying 
 

"A black hole has no hair" 
 
meaning that no other parameters are required to describe it. 
 
The absorption of matter by a black hole entails loss of information. This important 
phenomenon must be added to our definition of determinism. 
 
A black hole absorbs everything, matter and radiation, and returns nothing. For an 
observer at a great distance of its horizon, its absolute temperature must be very near 
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zero, for it varies as the inverse of its mass, M. The heavier a black hole, the colder it is 
and the better it absorbs radiation, because in comparison with its temperature any 
matter is warmer. However, the closer an observer approaches its horizon, the warmer 
the temperature he measures; and on the horizon, it is infinite! 
 
Traditional thermodynamics, that assumes negligible gravitational effects, asserts that 
when matter concentrates (so that its size decreases and its structure becomes simpler), 
for example when a gas liquefies, its entropy decreases. However, when matter 
collapses into a black hole, the opposite happens: its entropy increases. This effect is 
due to gravitation: 

Matter falling into a black hole brings with it, in addition to the energy equivalent of 
its mass, E = mc2, kinetic energy converted from its gravitational potential energy 
during the fall. No part of that energy may subsequently escape from the black hole, 
whether by radiation or otherwise. 

 
Consequently, the entropy of a black hole is very high, which makes its formation 
irreversible, because it would have to increase further in order to disintegrate while 
respecting the second law of thermodynamics [25]. Let us see the details with a few 
formulas. 
 
The formula that links the entropy, S, of a black hole with the area, A, of its horizon is, 
according to [133] 
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Where, besides the area A, there are only constants: 

Á k is the Boltzmann constant, k = 1.38066 10-23 joule by degree K ; 

Á c is the speed of light, c = 299 792 458 m/s ; 

Á G is the universal constant of gravitation, G = 6.67 10-11 Nm2/kg2 ; 

Á ä = h/2p = 1.05.10-34 joule.second. 

 

When a black hole's horizon is spherical, A = 4pR2, where R is the radius of the horizon, 
so the area A can be deduced from the mass, M, using the formula 
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Therefore, the entropy, S, of the black hole is a function of its mass: 
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This formula shows that when two black holes collide and merge, the resulting entropy is 
greater than the sum of their individual entropies, since it is proportional to the square of 
the sum of their masses. When the center of a galaxy contains a black hole of 1 billion 
M , its entropy is 1 billion billion times greater than the entropy of a black hole of 1 M , 
so its entropy per unit of mass, S/M ï which is proportional to M ï is 1 billion times 
greater than the entropy of the black hole of 1 M . 
 
The loss of information that occurs when matter or radiation crosses a black hole's 
horizon is affected by Relativity: 

Á For an observer who falls into the hole, time passes as usual; there is no loss of 
information; 

Á For an observer outside the horizon, a fall of matter or absorption of electromagnetic 
radiation seems to stop at the horizon. They are irreversible. The corresponding 
information is lost, except for the black hole's increase of mass, horizon radius and 
entropy. 

 
When something falls into a black hole, determinism is affected by Relativity; the 
sequence of events for an observer who accompanies the fall differs from the sequence 
of events for another observer who remains outside the horizon. 

3.2.13.7.9 Black holes evaporate! 

The research of Stephen Hawking and a few other scientists shows that particles 
escape from a black hole following the model of virtual particle-antiparticle pairs that 
appear spontaneously. Each such pair "borrows" energy from the black hole, in 
accordance with Heisenberg's uncertainty principle. When such a pair appears near the 
horizon (where space has a very strong relativistic curvature) sometimes one of the 
pair's particles returns into the hole and the other escapes outside, or both particles 
escape, or both return. Depending on its electric charge and on the charge of the black 
hole, an escaping particle may be attracted or repelled; it may also collide with a 
complementary particle and annihilate emitting electromagnetic radiation. However, 
some particles will escape, and the black hole will evaporate little by little, returning the 
information it had collected from the matter and energy it absorbed. 
 
In fact, this evaporation is extremely slow; it may last for hundreds of billions of years; it 
accelerates only when the black hole has become very small. 
 
Remark: how far we have come from the determinism of Newton and Laplace! 
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3.2.13.8 The Big Bang, an irreversible phenomenon 

The Big Bang is the name given to the phenomenon that started the Universe, about 
13.7 billion years ago. It was a colossal explosion of an extremely dense, but very small, 
ball of energy. This explosion expanded the Universe, either creating space or 
occupying space that existed outside, we shall never know which. 
 
We do not know, and never will, if something existed (and perhaps still exists) outside 
the Universe, matter or energy. The reason of this ignorance is simple: the only 
information available to us is carried by electromagnetic and gravitational waves; and 
Relativity shows that such waves travel at the speed of light. A hypothetical piece of 
information from outside the Universe would not have reached us yet; and it never will, 
because the radius of the expanding Universe increases faster than the speed of light. 
Expansion continues to this day, at an ever-increasing rate. 
 
Our knowledge of physics enables us to understand the Big Bang process beginning a 
very small fraction of a second (called Planck time) after the initial explosion. During the 
time interval between the initial Big Bang explosion (time zero) and the Planck time, our 
laws of physics do not apply. We know, however, that shortly after the Big Bang there 
was a very short time interval (about 10-32 second), called inflation, during which the 
size of the Universe expanded billions of times faster than the speed of light, its radius 
increasing by a factor of at least 1030! 
 
When the size of the Universe increases, its temperature cools. This happens because 
its energy density decreases, and the wavelength of the photons that carry energy when 
they travel increases due to space dilation. 
 
In his book [26] page 191, Ilya Prigogine proposes the following interpretation of the Big 
Bang 

"We consider the Big Bang as the par excellence irreversible process. The 
irreversibility would be due to instability in the interactions between gravitation and 
matter in the pre-universe. If that is the case, the birth of our Universe would be due 
to instability." 

 
A few texts about black holes and the Big Bang are in [136]. 

3.2.14 Universes with more than 4 dimensions 

Our Universe has three dimensions of space and one dimension of time that make up 
the four-dimensional space-time continuum of General Relativity below. Some theories 
postulate the existence of additional dimensions, for a total of 10 or 11 in some cases. 
However, since our brain and our instruments are unable to "see" those extra 
dimensions, we could only have indirect proofs of their existence; those proofs would be 
of the same nature as the proofs given by quantum mechanics and quantum 
electrodynamics about the invisible atomic and subatomic particles. 
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If such a theory describing a Universe with more than 4 dimensions provides a physical 
prediction that may be verified inside our Universe and that nothing contradicts, we may 
consider it true until further notice. 
 
Example: a proposed theory offers an explanation of the automatic conversion of 
electron neutrinos into muon neutrinos and vice-versa by a transition through an 
additional dimension of our Universe. If a physical experiment confirms that theory while 
no other experiment disproves it and none of its consequences contradicts a known fact, 
then we may consider it true at least temporarily. 
 
From a philosophical point of view, in the assertion "we will never know if something 
exists outside our Universe" the word "outside" designates a location "whose contents 
have no causal relationship with our physical Universe described by a law". For 
example, there is no transmission of electromagnetic or gravitation waves that could 
convey information. 

3.2.15 7th extension of determinism: Relativity, flow of time 

Flow of time 

Determinism governs evolutions and their consequences associated with the flow of 
time. However, Relativity [49] shows that when two observers move relative to one 
another time flows at different speeds for each observer, and the notion of simultaneity 
differs from our traditional notion. 
 
Worse still, there are situations where an observer at point M sees event A before event 
B, whereas an observer at point P sees B before A. When the observer in M will know 
the existence of A, he may not know yet that B will take place, whereas an observer in P 
may know that B occurred without knowing yet that A will occur! (Explanation) 

Under these conditions, what happens with causality and determinism? Could not 
we consider that time is a fourth dimension that plays the same role as the three 
geometrical dimensions of space in Minkowski space-time continuum, so that the 
occurrence of both events A and B was certain in advance for an observer external 
to this 4-dimensional space? 

According to [130], that was Einstein's conclusion. He admitted philosophical 
determinism [200] that postulates that the past, present and future form a unique, 
continuous causal chain, and that in fact there is no flow of time. But for Kant, for me 
and many others, the answer is no: considering an observer located outside space-
time is like considering God, pure speculation that no rational reasoning may justify, 
exactly like God's existence; this was explained by Kant. In addition, the proven 
existence of irreversible phenomena such as the increase of entropy compels us to 
admit that time passes. 

 
In addition, the intuitive principle of additivity of velocities [36] becomes less and less 
valid when at least one of the velocities approaches the speed of light. The velocity of a 
material body with non-null weight that accelerates may approach the speed of light, c, 
but must remain strictly less than c, in spite of what science fiction authors write; only 
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massless particles such as photons travel at light speed ï and they cannot travel slower 
or faster. (Remark: the speed of light varies with the medium where it propagates; the 
speed usually called c is the speed in a vacuum.) 
 
General Relativity shows that when a geometrical trajectory runs through a gravitational 
field, the rate at which time flows differs from the rate at which it flows during the same 
trajectory in a field without gravity. In fact, the flow of time along a geometrical trajectory 
depends of the curvature of space, which changes with the gravitational field. The 
trajectory of light through a gravitational field is not a straight line, and the unit of length 
at a given point also depends on gravity at that point. 

The twin paradox, also known as the traveler's paradox exemplifies the relationship 
between space and time due to General Relativity. Consider two twins, Peter and 
Paul. Peter remains on Earth, while Paul departs and travels through space (at a 
velocity less than the speed of light, of course). Paul follows a certain trajectory 
(called world line in Minkowski space-time) which finally returns to the place on 
Earth from which he departed. The two twins then observe that Paul, the traveler, is 
now younger than Peter: time passed more slowly for Paul than it did for Peter. This 
paradox is due to the acceleration that necessarily exists in any trajectory that 
returns to its starting point (explanation). 

 
The difference between rates at which time flows for two observers who move relative to 
one another is an important property of determinism when Relativity applies. 

Mass-energy equivalence 

Relativity proves an equation that everyone knows 
 

E = mc2 

 
This formula asserts the equivalence between mass and energy, two different aspects of 
the same reality. Mass is converted to energy in an atom bomb and in the chain of 
reactions that transform hydrogen into helium in the Sun, also converting solar mass into 
heat (thermal agitation) and light (photons). Except for massless particles such as 
photons [117] (that carry energy and cannot stop moving at the speed of light), energy is 
always associated with mass; depending on the experiment, we observe either mass or 
energy or both. 

Example: consider a spring at rest, i.e. neither compressed nor stretched. If we 
weigh it with considerable precision, we find a mass m. Let us now compress it, thus 
storing in it potential energy E that could (if the spring was liberated) push another 
body. If we now weigh it again, we find a mass m' such that 

2
'

c

E
mm +=  

 

Mass m' is heavier than m; the potential energy E stored in the spring is detected by 
the precision balance as additional mass! 
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To understand why this equivalence of energy and mass had never been noticed 
before Einstein published his Relativity theory in 1905 [49], an example is useful: a 
big railway carriage suspension spring, compressed 10 cm by a force of 1 metric ton 
undergoes a mass increase of 10-11 grams, a minuscule increase for such a large 
effort and such a sizable displacement. However, at astronomical scale, the Sun 
(diameter 1.4 million km, mass 2 1027 tons) loses 4.3 million tons of hydrogen 
converted to radiation per second. 

 
The equivalence of mass and energy, which is not intuitive, is one more reason for 
extending the definition of determinism to take into account Relativity. It compels us to 
reformulate the law of mass conservation of Newton's physics as a law of conservation 
of the sum mass+energy. For more details, particularly concerning the conservation of 
momentum, see below. 
 
Relativity also alters a body's mass, which is not the same for an observer who is 
motionless relative to it and for a moving observer. It also affects the life span of an 
unstable moving particle, making it appear shorter for an observer moving with the 
particle than for a motionless observer. 

Without Einstein's Relativity theory we would have no atomic energy (E = mc2), no 
high-precision astronomy, and no GPS positioning with an accuracy of about 1 
meter; we wouldn't even understand magnetism, which is in fact a relativistic effect 
of an electric field on moving electric charges such as electrons. 

 
There are many such examples. They contradict traditional determinism, which assumes 
a homogenous and isotropic space that is flat (without curvature); it also assumes 
absolute time, the same for all observers regardless of their motion and of the 
gravitational field in their vicinity. Traditional determinism is assumed in Newton's laws 
[103] [110] and Kant's philosophy; it is suitable for most phenomena of everyday life, but 
it must be extended whenever velocity, acceleration or a gravitational field exert a 
measurable influence, i.e. when Relativity is required for precision. 
 
The extension of determinism imposed by Relativity implies that causality itself 
sometimes differs significantly from the one we are used to, depending on the 
relationship between the physical distance between two events and the time required by 
light to travel that distance: the explanation, simple to understand, is provided below. 
 
The concepts of time, length, mass, and shortest path (which is a straight line only in a 
space without curvature, i.e. without gravitational field) are relative, not absolute. 
Contrary to intuition and traditional determinism, the corresponding measures change 
with position and gravity at that position, and with the relative displacement of an 
observer. 

3.2.15.1 Relativity and irreversibility 

We have countless proofs, both factual and indisputable, that irreversible phenomena 
exist, and that Relativity does not challenge their irreversibility. Example: when a 
radioactive atom decays, Relativity may challenge its position and the time when it 
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occurs to provide better precision, but not the fact that after it decayed the atom will 
never recompose. 
 
Here is what [26] page 193 states about the non-existence of a relationship between 
Relativity and irreversibility 

"éthe revolution brought about by Relativity leaves our previous conclusions 
unchanged. Irreversibility, the flow of time, has the same meaning in relativistic 
cosmology. We could even assert that the effect of irreversibility increases with 
energy, i.e. when we draw closer to the beginning of the Universe." 

3.2.15.2 Virtual particles ï Quantum electrodynamics 

Quantum mechanics is non-relativistic; it assumes that masses are not affected by 
gravitation, and that particle velocities remain small enough for space and time to be 
non-relativistic. To do away with the latter assumption scientists created quantum 
electrodynamics (QED). 
 
QED provides a synthesis of quantum mechanics, Special Relativity and Maxwell's 
equations of classical electrodynamics [123]. QED theory describes with mathematical 
equations the interactions [18] of electrically charged particles (electron, proton, etc.) 
with an electromagnetic field and other charged particles. 
 
QED also provides one of the most accurate verifications of the mathematical postulates 
and methods of quantum mechanics. Its predictions have been verified with 
extraordinary precision in many experiments; for example, QED calculated an electron's 
magnetic moment with a relative precision of 10-8 [104]. With such a precision, the 
distance from Paris to New York would be determined with an error of a few centimeters! 
 
This precision is an interesting property of extended determinism applied to quantum 
physics, but QED also sheds light on other aspects of the determinism of quantum 
mechanics. Example: the interaction between two electrically charged particles is 
mediated by an exchange of virtual photons, each carrying a quantum of energy. The 
photons [117] are called virtual because there is no way to capture them in order to see 
them. They act as quantized forces that transmit their energy between two moving 
interacting particles, changing both the magnitude and the direction of the particles' 
velocity vectors when they emit or absorb such a photon. A force can therefore act 
between two particles, for example when they collide, by transmitting one or several 
energy quanta, and this action is perfectly deterministic in the sense of extended 
determinism, which takes into account quantized discontinuities. 
 
QED also adds to quantum mechanics the existence of an antiparticle for each particle. 
This antiparticle has the same mass and spin, but opposite electric charge, magnetic 
moment and flavor properties. The positron is the antiparticle of the electron; the 
antiproton is the antiparticle of the proton, etc. When a particle and its antiparticle collide 
they annihilate, liberating energy equivalent to the sum of their masses, in accordance 
with Relativity (E = mc2). Conversely, an electromagnetic energy photon may sometimes 
be converted to matter, for example to an electron-positron pair. An electron and a 
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positron may also associate to form an atom called positronium, where the positron is 
the "nucleus" around which the electron revolves. 
 
Unfortunately, QED still has progress to make. Sometimes it predicts infinite values that 
are physically unacceptable. This issue was resolved in a few special cases by an 
approach called renormalization, which takes into account the interaction of a charged 
particle with its own electromagnetic field using mathematical tricks. One real issue is 
that, in spite of the successes and precision achieved by QED for some phenomena, a 
quantum theory of gravitation is yet to be developed. 

3.2.16 Attitude toward determinism 

Since the beginning of this text, we have seen how much traditional determinism must 
be extended in the field of physics, and how surprising real determinism may then be. 
Often, the reasoning implied by extended determinism contradicts our intuition, or 
compels us to understand the world through mathematical equations. Often, extended 
determinism allows several consequences of a single cause, or even several distinct 
consequences that exist simultaneously, in superposition. Some phenomena are 
reversible; others are not. Some phenomena imply randomness. Also, since our 
knowledge has so many gaps, and since in the field of living beings thinking is only 
partially deterministic, some phenomena are inexplicable or unpredictable. The analysis 
of some extensions of traditional determinism required to take into account scientific 
progress is summarized below. See also the quotation of the Fields medal prizewinner 
René Thom about chance [226]. 
 
It is now easy to see why the honest attitude toward scientific facts represented by 
extended determinism is disturbing: it compels us to call into question what we believe 
we know, and it distances our representation of reality from what our senses allow us to 
grasp and accept intuitively. 
 
This conclusion applies to determinism in physics, the only field we considered so far. 
However, determinism also governs the sciences of life, and sciences of society such as 
economics. Since in such sciences we find less precision and more levels of abstraction, 
more variables at each level and more indetermination for each variable, and also more 
fuzzy conclusions and causality, we can expect to find below other types of determinism. 
 
In our effort to better understand determinism, we shall see first some recommendations 
about the attitude toward determinism. These recommendations will conclude this initial 
part of the text, which covers determinism in physics. We shall then touch on the 
determinism of life, then on the determinism of human societies. 

3.2.16.1 Consequences of the laws of nature on determinism 

3.2.16.1.1 Validity of the laws of quantum mechanics at macroscopic scale 

Quantum mechanics, originally intended as a mathematical tool for modeling 
phenomena of physics at atomic scale, is valid even for systems at macroscopic scale 
(an example where a distance is 144 km is in [10]). At that scale, energy differences 
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between adjoining system states are very small, due to the smallness of h and of energy 

quanta hn exchanged via photons, so most phenomena seem continuous. 
 
In addition, at macroscopic scale where masses are millions or billions of times heavier 

than the mass of an atomic particle, the wavelengths of de Broglie, l = h/mv, and of 

Compton, l = h/mc, are so small that indeterminations on positions, velocities, durations 
and energies disappear, replaced by the precise behaviors which are their limits, and 
quantum fluctuations are negligible. Some laws of quantum mechanics are also valid at 
macroscopic scale (example: [10]), others are replaced by laws of macroscopic physics. 

Heisenberg's uncertainty principle and quantum fluctuations are too negligible to 
provide valid explanations of the randomness of brain neuron excitation, so they do 
not account for the unpredictability of human thinking and free will; at neuron scale, 
quantum phenomena are so small that they are negligible. Therefore, it is 
regrettable that a physicist made a fool of himself and took advantage of the 
gullibility of some people by stating that quantum physics confirms oriental 
mysticism [175]! 

 
However, quantum mechanics has a validity problem at macroscopic scale due to the 
non-existence, at that scale, of superimposed states; such states may exist at atomic 
scale as long as a measure ï or passing time ï has not chosen one state by 
decoherence, eliminating the others. Currently, the behavior of measures that retain only 
one possibility, chosen randomly with a certain probability within a predefined set, is 
postulated by axioms 3 and 4 of quantum mechanics. 
 This arbitrary assumption is legitimated at atomic scale by countless experiments 
and predictions, but only at that scale. We have no theory that explains the absence of 
superimposed states at macroscopic scale; we have only experiments that observe the 
very short time required at that scale to reduce a superposition to a unique state by 
decoherence due to interactions between the system and its environment [1]. However, 
we do have a conjecture that decoherence is a consequence of gravitation, whose 
influence is not taken into account by quantum mechanics. 
 
The absence of states superposition at macroscopic scale does not allow us to call into 
question the fundamental Schrödinger equation, which is deterministic in the traditional 
scientific sense. We may only assume, in accordance with experiments such as [1], that 
the decoherence phenomenon that appears in experiments where there are 
superimposed states is automatic and very fast. From a determinism point of view, the 
conclusion is that, in some situations, a single cause may have several consequences, 
of which one only will persist after a little while. Also, please see Hugh Everett's 
interpretation based on multi-universe determinism. 
 
We do not have (at least not yet) a satisfactory theory to predict in which cases there 
may be multiple consequences, and how long decoherence requires; we do not know at 
what exact scale lies the boundary between macroscopic physics and quantum physics, 
we have only examples such as [1] and [10]. 
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We know that at macroscopic scale some phenomena or behaviors observed at atomic 
scale are negligible, or do not last long enough to be observable [117]; the equations 
and tools of quantum mechanics may then be replaced by those of macroscopic 
physics, established directly or deduced from them by limit calculations, and far easier to 
use. 

An example of equivalence between a law of macroscopic physics and quantum 
mechanics theorems is provided by Nobel laureate Richard Feynman's thesis of 
1942. Feynman proved the equivalence of the macroscopic principle of least action 
[62] (perfectly deterministic in the traditional sense) and probabilistic wave function 
theorems of quantum mechanics. 

Principle of correspondence 

Between the laws of quantum mechanics and the laws of classical (macroscopic) 
physics deduced from them there is a compatibility relationship called principle of 
correspondence. According to this principle, when the system considered is large 
enough for quantum effects to be negligible, the predictions of quantum mechanics must 
be the same as the predictions of classical physics for all measurable variables of 
quantum mechanics (called observables) that have a limit equivalent in classical 
physics. This principle of correspondence is a consequence of 

Á The uniformity of nature; 

Á The fact that nature ignores the concept of scale, a human abstraction used to 
represent and understand phenomena. 

 
There are also mathematical rules for converting equations of classical physics to 
equations with operators of quantum mechanics. 

Remarks 

Á In spite of the principle of correspondence, some phenomena appear only in 
quantum physics. This is no surprise: when looking at an object through a 
microscope, some details appear only for magnifications greater than some 
minimum; for lesser magnifications, they exist but they are negligible. Example: the 

de Broglie wavelength l = h/mv becomes too small to be noticeable whenever the 
momentum mv corresponds to a few thousand moving atoms. 

Á Laws of quantum physics such as Heisenberg's uncertainty principle and the 
Compton wavelength limit achievable precisions, imposing fuzziness to some 
variables. Macroscopic physics also has laws where precision is limited, for example 
by introducing limits of resolution in optics [211]. 

Sensitivity of sharks, rays and other chondrichthyes to electric fields 

The research articles quoted in [234] show that some fish of the chondrichthian group 
have a sensory organ to detect potential preys using the electric field emitted by their 
cells in sea water. This organ is effective even in muddy water and total darkness. Its 
sensitivity is extraordinary, since research proved that it sometimes reacts to fields of 
about 1 microvolt/meter, and to fields of less than 1 microvolt/cm that last at least 
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2 milliseconds. This sensitivity is so considerable that our modern electronic devices can 
barely match it. The electric field that those fish can detect is equivalent to the field 
created by a 4.5-volt battery with one pole dipped in the Atlantic Ocean in France and 
the other on the United States' East coast. 

Response of a retina to only one photon 

The experiments quoted in [139] show that a single photon of visible light, with its 
incredibly weak energy, is enough to cause retinal response in a toad or a human. The 
electric current corresponding to the nerve impulse is then about 1 picoampere 
(1 pA = 10-12 A), enough for the animal or man to be conscious of the light flash. From 
time to time, in man, the information is not transmitted by the retina because a minimum 
threshold prevents consciousness from being aware of the light from one photon only ï 
which could be due to "noise" ï but when there are at least 7 photons, transmission is 
certain. 
 
These experiments show that occasionally a phenomenon with very little energy can be 
amplified by a physiological mechanism enough for perception by a living being. There 
are also artificial devices that can detect a single photon: the large telescopes using 
photoelectric cells can give images of galaxies 10 billion light-years away, in spite of 
electromagnetic energy decreasing as the square of distance. 

Conclusion 

Quantum mechanics is valid even for systems that are large and complex; in addition, 
some atomic scale phenomena are amplified to macroscopic scale. 
 
Philosophical consequence: the extended determinism of quantum mechanics also 
applies to processes at human scale, especially when a single cause may have multiple 
consequences. We saw an example: the genome replication accidents (simple choices 
of rather improbable solutions for the creation of molecular bonds) produce from time to 
time new living species that survive when they happen to be viable in their environment. 

3.2.16.1.2 Extended determinism may sometimes abolish distances and durations 

The separability experiment described in [10] has important consequences for extended 
determinism: under some circumstances, distances and durations may be abolished. 
 
The future of two entangled photons, A and B, produced simultaneously and described 
by a common quantum state superposition, is determined in common: whatever 
happens to one affects the other, regardless of its distance. The impact is immediate; it 
seems to be propagated at infinite speed, faster than light. We may interpret this 
abolition of distance and time as follows: the two photons are in reality a single physical 
"object", they cannot be separated because they share a common quantum state. This 
property of determinism is called non-separability, and it implies impacts at any distance 
in null time and with null energy transfer. 
 
In accordance with Relativity, the effect of extended determinism in a non-separable 
system does not propagate energy (otherwise, its velocity would be limited by the speed 




